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INTRODUCTION 



CHAPTER 1:  INTRODUCTION 
 
 
 
 
 
 The Arizona Department of Water Resources (“Department” or “ADWR”) prepared this 

technical report at the request of the Adjudication Court for the Gila River General Stream 

Adjudication (“Gila River Adjudication”), which includes several watersheds.1  This report, 

entitled “Revised Subflow Zone Delineation Report for the San Pedro River Watershed” (“2014 

Subflow Report”), presents information and a series of maps that delineate certain hydrogeologic 

features, known as subflow zones, for the San Pedro River, the Babocomari River, and Aravaipa 

Creek within the San Pedro River watershed, which is located within the Gila River 

Adjudication.  See Figure 1-1. 

 Pursuant to A.R.S. §§ 45-251 to 264, the Adjudication Court must determine the nature, 

extent and relative priority of the rights of persons to use waters of the Gila River system and 

source, which includes appropriable water under state law and water subject to claims based on 

federal law.  Appropriable water under state law includes surface water and certain subsurface 

water referred to as subflow, but does not include percolating groundwater.  The right to use 

appropriable water depends on the priority of the appropriation.  This 2014 Report is the fifth 

report prepared by the Department since 2002 related to the identification of subflow zones in 

the San Pedro River watershed.   

 This chapter includes a description of several court orders and decisions and previously 

issued ADWR reports to provide a historical context and understanding of the issues that have 

been addressed in the past and that continue to require analysis.  Copies of court orders and 

decisions are provided in Appendix A.  Copies of ADWR reports can be found at ADWR’s web 

site.2 

 

 

1 In re the General Adjudication of All Rights to Use Water in the Gila River System and Source, 
W-1, W-2, W-3, W-4 (Consolidated), Contested Case No. 103 (Maricopa County Superior 
Court). 
2 http://www.azwater.gov/AzDWR/SurfaceWater/Adjudications/default.htm 
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1.1 HISTORY OF PROCEEDINGS 
The distinction between appropriable subflow and percolating groundwater has been an 

issue before the courts for decades.  In the Southwest Cotton case, decided by the Arizona 

Supreme Court in 1931, the Arizona Supreme Court was faced with this issue.3  In 1988, over 50 

years after the Southwest Cotton decision, whether a well was pumping appropriable subflow 

became an issue in the Gila River Adjudication.  The Adjudication Court developed a test to 

make that determination, which test was rejected five years later in 1993 by the Arizona Supreme 

Court in the Gila River II case.4  Upon remand from the Arizona Supreme Court, the 

Adjudication Court applied the principles and criteria described in Gila River II and developed 

another subflow test in 1994 which turned on a well’s location vis-à-vis a hydrogeologic area 

described as the subflow zone.  Six years later in 2000, the Arizona Supreme Court in the Gila 

River IV case upheld the Adjudication Court’s 1994 order.5  These decisions and Adjudication 

Court orders are described more fully below. 

 

1.1.1 Southwest Cotton 
In the Southwest Cotton case, after noting that certain subterranean water is subject to 

appropriation under the same rule as surface streams, the Arizona Supreme Court defined 

appropriable “subflow” as follows: 

The underflow, subflow or undercurrent, as it is variously called, of a surface 
stream may be defined as those waters which slowly find their way through the 
sand and gravel constituting the bed of the stream, or the lands under or 
immediately adjacent to the stream, and are themselves a part of the surface 
stream.  It is subject to the same rules of appropriation as the surface stream itself. 
 

39 Ariz. at 82, 96, 4 P.2d at 376, 380 (emphasis added).  To determine whether subsurface 

waters constitute subflow, the Southwest Cotton Court set forth the following test:   

Does drawing off the subsurface water tend to diminish appreciably and directly 
the flow of the surface stream?  If it does, it is subflow, and subject to the same 

3 Maricopa County Municipal Water Conservation Dist. No. 1 v. Southwest Cotton Co., 39 Ariz. 
65, 96-97, 4 P.2d 369, 380-81 (1931), modified and reh’g denied, 39 Ariz. 367, 7 P.2d 254 
(1932). 
4 In re the General Adjudication of All Rights to Use Water in the Gila River System and Source, 
175 Ariz. 382, 391, 393, 857 P.2d 1236, 1245, 1247 (1993) (Gila River II). 
5 In re the General Adjudication of All Rights to Use Water in the Gila River System and Source, 
198 Ariz. 330, 335-36, 9 P.3d 1069, 1074-75 (2000) (Gila River IV). 

April 2014 1-2 Revised Subflow Zone 
  Delineation Report 

                                                 



rules of appropriation as the surface stream itself; if it does not, then, although it 
may originally come from the waters of such stream, it is not, strictly speaking, a 
part thereof, but is subject to the rules applying to percolating waters. 

 
Id. at 96-97, 4 P.2d at 380-381. 

 

1.1.2 Gila River II 
In 1988, the Adjudication Court held that certain wells should be presumed to be 

pumping appropriable subflow if the volume of stream depletion was 50% or more as the result 

of 90 days of continuous pumping (50%/90-day test).6  In 1993, the Arizona Supreme Court in 

Gila River II rejected the Adjudication Court’s 50%/90-day test and remanded the matter to the 

Adjudication Court.  The Court reaffirmed the rationale of Southwest Cotton that distinguished 

between subflow (which is subject to appropriation) and tributary groundwater (which is not).7  

The Court held: 

Whether a well is pumping subflow does not turn on whether it depletes a stream 
by some particular amount in a given period of time.  As we stated above, it turns 
on whether the well is pumping water that is more closely associated with the 
stream than with the surrounding alluvium.  
 

Gila River II, 175 Ariz. at 392-393, 857 P.2d at 1246-1247.  The Gila River II Court described 

certain principles, such as elevation, gradient, chemical makeup, direction of flow, and 

differences in geology and hydrology that could be used by the Adjudication Court to develop 

criteria to separate appropriable subflow from percolating groundwater.8   

 

1.1.3 1994 Subflow Order 
On remand, the Adjudication Court applied the principles described in Gila River II and 

issued a detailed order dated June 30, 1994 (“1994 Subflow Order”), consisting of 66 pages of 

discussion and 36 additional pages of exhibits resulting from a ten-day evidentiary hearing 

during which the Adjudication Court heard testimony from ten experts in geology and 

6 The Adjudication Court directed ADWR to use the 50%/90-day test in the final hydrographic 
survey report (“HSR”) for the San Pedro River watershed in 1991 that relied upon the 
50%/90-day test.  An HSR is a comprehensive report required by A.R.S. § 45-256. 
7 175 Ariz. at 390-392, 857 P.2d at 1244-1246. 
8 Id. at 392, 394, 857 P.2d at 1246, 1248. 
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hydrology.9  The Adjudication Court also spent an additional two days traveling almost 600 

miles and visiting 13 sites in the San Pedro River watershed, accompanied by counsel and 

experts, followed by a supplemental two-day hearing four months later.10  The Adjudication 

Court held, inter alia, that certain wells located within the “subflow zone” of streams within the 

San Pedro River watershed were presumed to be pumping appropriable subflow, and as a result, 

were subject to the Gila River Adjudication.  The Adjudication Court also held that the pumping 

of wells whose cones of depression reached the subflow zone and by continual pumping would 

cause loss of subflow affecting the quantity of the stream would be included in the Gila River 

Adjudication.11  The Adjudication Court summarized its findings as follows: 

1. A “subflow” zone is adjacent and beneath a perennial or intermittent stream 
and not an ephemeral stream. 
 

2. There must be a hydraulic connection to the stream from the saturated 
“subflow” zone.  

 
3. Even though there may be a hydraulic connection between the stream and its 

floodplain alluvium to an adjacent tributary aquifer or basin-fill aquifer, 
neither of the latter two or any part of them may be part of the “subflow” 
zone. 

 
4. That part of the floodplain alluvium which qualifies as a “subflow,” beneath 

and adjacent to the stream, must be that part of the geologic unit where the 
flow direction, the water level elevations, and gradations of the water level 
elevations and the chemical composition of the water in that particular reach 
of the stream are substantially the same as the water level, elevation and 
gradient of the stream. 
 

5. That part of the floodplain alluvium which qualifies as a “subflow” zone must 
also be where the pressure of side recharge from adjacent tributary aquifers or 
basin fill is so reduced that it has no significant effect on the flow direction of 
the floodplain alluvium (i.e., a 200-foot setback from connecting tributary 
aquifers and a 100-foot setback from the basin-fill deposits). 
 

6. Riparian vegetation may be useful in marking the lateral limits of the 
“subflow” zone particularly where there are observable seasonal and/or 
diurnal variations in stream flow caused by transpiration.  However, riparian 

9 1994 Subflow Order at page 3. 
10 Id. at 5-6. 
11 A “cone of depression” is a funnel-shaped area around a well where the water table has been 
lowered by the withdrawal of water through the well.  Id. at 59. 
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vegetation on alluvium of a tributary aquifer or basin fill cannot extend the 
limits of the “subflow” zone outside of the lateral limits of the saturated 
floodplain Holocene alluvium. 

 
7. All wells located in the lateral limits of the “subflow” zone are subject to the 

jurisdiction of this adjudication no matter how deep or where these 
perforations are located.  However, if the well owners prove that perforations 
are below an impervious formation which precludes “drawdown” from the 
floodplain alluvium, then that well will be treated as outside the “subflow” 
zone. 

 
8. No well located outside the lateral limits of the “subflow” zone will be 

included in the jurisdiction of the adjudication unless the “cone of depression” 
caused by its pumping has now extended to the point where it reaches an 
adjacent “subflow” zone, and by continual pumping will cause a loss of such 
“subflow” as to affect the quantity of the stream.   

 
1994 Subflow Order at pages 64-66.  The Adjudication Court concluded that the “weight of the 

evidence points to the saturated floodplain Holocene alluvium as the most credible ‘subflow’ 

zone.  Its lateral and vertical limits have existed for some 10,000 or more years.  It has far more 

stability of location than any other proposal ….”12   

Even so, the Adjudication Court noted that that there is a frequent lack of data and many 

assumptions which cannot be fully proven.  The Adjudication Court stated:  

However, there are questions in the mind of this Court after hearing long periods 
of evidence over the last fourteen years.  They are whether the quality of geologic 
or hydrologic opinion, the frequent lack of data, and the many assumptions which 
cannot be fully proven support a requirement that the property owner or objectors 
should have to overcome a clear and convincing level of burden of proof.   

 
Id. at 63. The Adjudication Court concluded that a preponderance of the evidence burden of 

proof standard would be fairer.13 

 

1.1.4 Gila River IV 

In Gila River IV (decided September 22, 2000), the Arizona Supreme Court affirmed the 

Adjudication Court’s 1994 Subflow Order including the findings set forth above.14  The Court 

held: 

12 Id. at 58. 
13 Id. at 64. 
14 198 Ariz. at 340, 344, 9 P.3d at 1079, 1083. 
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The criteria that the Adjudication Court articulated were elaborations of, but 
consistent with, the more general criteria set forth in Gila River II.  The 
Adjudication Court properly applied those criteria to the San Pedro River basin in 
order to determine the most appropriate subflow zone, and the weight of the 
evidence supports the Adjudication Court’s identification of that zone as the 
“saturated” floodplain Holocene alluvium. 

 
Gila River IV, 198 Ariz. at 341-42, 9 P.3d at 1080-81.  The Court cited Gila River II with 

approval and again reaffirmed the principles set forth in Southwest Cotton.  However, because 

defining “subflow in any particular area is a relative endeavor,” the Court cautioned that those 

cases should not serve as “straitjackets” that prevent conformance to hydrologic reality.  The 

Court stated: 

As the groundwater users correctly observe, this court “adopted [Kinney’s] 
narrow definition [of subflow] in Southwest Cotton,” Gila River II, 175 Ariz. at 
390, 857 P.2d at 1244, and again characterized subflow as “a narrow concept” in 
Gila River II.  Id. at 391, 857 P.2d at 1245.  Although those abstract, general 
statements hold true, we also observed in Gila River II that variations may affect 
where the line is drawn between subflow and nonappropriable percolating water, 
“depending on the volume of stream flow and other variables.”  Id.  Thus, 
defining subflow in any particular area is a relative endeavor, “not an all-or-
nothing proposition.”  Id.  And, although “the line between surface and 
groundwater … is, to some extent, artificial and fluid,” id. at 392, 857 P.2d at 
1246, our various descriptions of subflow in Gila River II and Southwest Cotton 
should not serve as a straitjacket that restricts us from reaching in the direction of 
the facts and, so far as possible under those decisions, conforming to hydrological 
reality. 
 

Gila River IV, 198 Ariz. at 340, 9 P.3d at 1079 (emphasis added, brackets and ellipses in 

original).   

In its conclusion, the Arizona Supreme Court affirmed the Adjudication Court’s 1994 

Subflow Order “in all respects” and directed ADWR to determine the specific parameters of the 

subflow zone.  The Court also indicated that additional analyses by ADWR would be required to 

determine a well’s cone of depression and exclude wells that have a de minimis effect on the 

river system.  The Court stated: 

We affirm the Adjudication Court’s order after remand in all respects.  The 
subflow zone is defined as the saturated floodplain Holocene alluvium.  DWR, in 
turn, will determine the specific parameters of that zone in a particular area by 
evaluating all of the applicable and measurable criteria set forth in the 
Adjudication Court’s order and any other relevant factors.  See ¶¶ 33-35, supra.  
All wells located in the lateral limits of the subflow zone are subject to this 
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adjudication.  In addition, all wells located outside the subflow zone that are 
pumping water from a stream or its subflow, as determined by DWR’s analysis of 
the well’s cone of depression, are included in this adjudication.  Finally, wells 
that, though pumping subflow, have a de minimus [sic] effect on the river system 
may be excluded from the adjudication based on rational guidelines for such an 
exclusion as proposed by DWR and adopted by the Adjudication Court. 

 
Id. at 344, 9 P.3d at 1083 (emphasis added.)   

After the decision in Gila River IV, the Adjudication Court initiated proceedings to 

determine the extent of the subflow zone based on the Adjudication Court’s 1994 Subflow 

Order, which was affirmed by the Arizona Supreme Court in 2000 in Gila River IV.  Over 10 

years later, these proceedings have not yet concluded. 

 

 

1.2 ADWR’S PRIOR REPORTS 
As requested by the Adjudication Court, ADWR issued four reports between 2002 and 

2012 that proposed methodologies for mapping the saturated floodplain Holocene alluvium in 

the San Pedro River watershed.  Objections and comments on these reports were filed and 

hearings were held before the Special Master and the Adjudication Court, which resulted in 

further direction to ADWR from the Adjudication Court.  These proceedings are described below 

for each of the prior reports issued by ADWR. 

 

1.2.1 2002 Subflow Report 
Pursuant to Minute Entry of the Adjudication Court dated January 9, 2002, ADWR filed 

a report entitled “Subflow Technical Report, San Pedro River Watershed” on March 29, 2002 

(“2002 Subflow Report”).  This report identified and described the procedures that ADWR 

proposed to use to establish the limits of the subflow zone within the San Pedro River watershed.  

ADWR also proposed a cone of depression test for wells located outside of the subflow zone, 

and guidelines for excluding wells whose pumping has a de minimis effect.  On June 17, 2002, 

comments, objections, and joinders were filed by several parties, and sworn declarations were 

filed by expert witnesses.   

The Adjudication Court referred the matter to the Special Master who conducted a 

two-day hearing, received written testimony both before and after the hearing, and heard oral 
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argument.  On July 16, 2004, the Special Master issued a report to the Adjudication Court 

including 39 recommendations that adopted most of the procedures described in ADWR’s 2002 

Subflow Report with certain modifications.  Objections followed and the matter was briefed and 

argued to the Adjudication Court.   

The Adjudication Court issued a detailed order dated September 28, 2005, that accepted 

the Special Master’s recommendations in large part with certain exceptions.15  The Adjudication 

Court held, inter alia, that the entire saturated floodplain Holocene alluvium comprised the 

subflow zone, but if ADWR determined, with respect to any specific area, that it could not 

delineate a reasonably accurate and reliable subflow zone, then it could use criteria specified in 

Gila River IV, and any other criteria that would be geologically and hydrologically appropriate.  

The Adjudication Court further held that the entire floodplain Holocene alluvium would be 

assumed to be saturated for jurisdictional purposes.16  The Adjudication Court directed ADWR 

to prepare a map delineating the subflow zone, and submit the map and related information in a 

technical report.   

 

1.2.2 2009 Subflow Report 
 As requested by the Adjudication Court, ADWR issued a report in 2009 entitled 

“Subflow Zone Delineation Report for the San Pedro River Watershed” (“2009 Subflow 

Report”) in which ADWR set forth detailed hydrologic, geologic, and hydrogeologic criteria for 

delineating subflow zones within the San Pedro River watershed.  Using these criteria, ADWR 

presented a series of hydrogeologic maps that delineated the subflow zones for the San Pedro 

River, the Babocomari River and Aravaipa Creek, together with related information.  These 

maps were based on floodplain Holocene alluvium (“FHA”) boundaries delineated at surficial 

geologic contacts between Holocene river alluvium and bounding geologic units mapped and 

reported by the Arizona Geological Survey (“AZGS”), which was under contract with ADWR.17 

15 Petitions for interlocutory review of the 2005 Order were denied by the Arizona Supreme 
Court in May 2007. 
16 The Adjudication Court also addressed issues concerning ADWR’s development of a cone of 
depression test, and the de minimis exclusion.  Those issues do not fall within the scope of this 
report.   
17 ADWR’s contract with the AZGS did not include mountain front streams, which are in remote 
locations and have limited access. 
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However, ADWR noted that these maps did not include buried FHA that ADWR understood to 

exist.  Also, the application of the setbacks described in the Adjudication Court’s 1994 Subflow 

Order resulted in gaps in the subflow zone. 

 

1.2.3 2011 Response to Comments 
 Written objections or comments to the 2009 Subflow Report were filed by 26 parties.  On 

August 25, 2010, the Adjudication Court entered an order that directed ADWR to respond to 

substantive legal and technical issues.  On January 31, 2011, ADWR filed a report entitled 

“Response to Comments and Objections filed on ADWR’s June 2009 Subflow Zone Delineation 

Report for the San Pedro River Watershed” (“2011 Response to Comments”).18  In this report, 

ADWR suggested alternative approaches to identify buried FHA.  The Adjudication Court 

conducted a three-day hearing from January 24, 2012, through January 26, 2012 during which 

expert testimony was presented by several parties, ADWR and AZGS.  At the close of the 

hearing, the Adjudication Court directed ADWR to develop a work plan for supplementing the 

2009 Subflow Report.   

 

1.2.4 2012 Work Plan 
 On April 20, 2012, ADWR filed a work plan for supplementing its 2009 Subflow Report 

(“2012 Work Plan”) in a report entitled “Subflow Zone Delineation Methodology for the San 

Pedro River Watershed.”  In this report, ADWR developed a methodology to evaluate potential 

indicators of the presence of buried FHA that previously had not been identified by the surficial 

mapping conducted by the AZGS, and reexamined the application of setbacks to account for 

tributary groundwater.   

 Several parties filed comments, objections and motions relating to ADWR’s 2012 Work 

Plan, as well as proposed findings of fact and conclusions of law.  By Minute Entry filed August 

23, 2012, the Adjudication Court set a hearing for November 8, 2012.  In advance of the 

scheduled hearing, the Adjudication Court sustained in part and overruled in part the parties’ 

18 Table 1-1 of the 2011 Response to Comments listed all of the parties that filed comments and 
objections, and identifies nine parties that raised substantive technical comments and objections.  
Table 2-2 summarized the substantive comments that agreed with the report, and Table 2-3 
summarized the substantive comments and objections that disagreed with the report.  The 
non-substantive comments and objections were referred to the Special Master.   
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objections to ADWR’s 2009 Subflow Report consistent with findings of fact and conclusions of 

law set forth in Minute Entry Order filed October 12, 2012 (“2012 Order”).  The Adjudication 

Court did not rule on the 2012 Work Plan, but it did deny certain motions that had been filed as 

moot.   

A short time after the October 2012 Order was filed, the presiding judge for the Gila 

River Adjudication resigned and the case was reassigned.  By Minute Entry filed October 24, 

2013, the new presiding judge vacated and reset the November 8, 2012 hearing to January 10, 

2013.  By Minute Entry filed January 15, 2013, the Adjudication Court directed ADWR to 

submit a revised subflow zone delineation report by April 1, 2014, consistent with the 2012 

Order.19   

 

 

1.3 2014 SUBFLOW REPORT 
 ADWR is filing the 2014 Subflow Report to comply with the Adjudication Court’s 2012 

Order.  Many of these issues were previously addressed in ADWR’s 2012 Work Plan concerning 

the identification of buried FHA and the application of setbacks.  The 2014 Subflow Report 

revises the 2009 Subflow Report as well as the 2012 Work Plan, and is consistent with the 

findings of fact and conclusions of law set forth in the 2012 Order.  It also complies with the 

Adjudication Court’s directives concerning the delineation of the revised subflow zone, the areas 

to be included within the revised subflow zone, and the applications of setbacks, which are 

described below.   

In its 2012 Order, the Adjudication Court indicated that the revised subflow zone 

delineation must have the following features:   

The revised subflow zone delineation must (a) result in a continuous subflow 
zone; (b) result in a stable geologic feature; (c) include the entire current active 
channel of each watercourse; (d) include the Historical Composite Active 
Floodplain (1935-2007) for each watercourse; (e) accurately reflect the full extent 
of the FHA; and (f) to the extent possible, interpret judicial pronouncements in a 
manner consistent with scientific fact. 

 
2012 Order at 5, ¶ 2.   

19 The 2013 Minute Entry acknowledged that ADWR may not have sufficient information to 
include mountain front streams in its report in the time allotted.  Minute Entry at 3.   
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The Adjudication Court also directed ADWR to “use its professional judgment” and 

consider “as and to the extent appropriate, a combination of the following:” 

(a) Arizona Geological Survey mapping to identify the surface exposure of the 
boundary between either bedrock or Pleistocene and Tertiary basin fill and 
Holocene alluvium;20 

(b) topographic slope breaks (which may be considered, when appropriate, the 
edge of the subflow zone); 

(c) vegetation patterns; and 
(d) aerial photographs to determine the boundary between basin fill or bedrock 

and Holocene alluvium where alluvial fans and channel deposits are deposited 
on the floodplain. 

 
The Adjudication Court cautioned ADWR not to rely solely upon surface data.  Id. at ¶ 3. 

 Regarding setbacks, the Adjudication Court directed ADWR to apply them “only in those 

instances where a hydraulic connection exists between the subflow zone and the surrounding 

material.  ADWR need not apply setbacks in instances in which it reasonably finds that no such 

hydraulic connection exists.”  Id. at ¶ 4. 

 In order to comply with the 2012 Order, ADWR contracted with the AZGS for 

consultation on geologic settings and geomorphologic processes applicable to Holocene river 

alluvium and investigations of sedimentary relationships at numerous sites along the San Pedro 

River that ADWR used to delineate the lateral extent of FHA, as described in Chapter 2 of this 

report.  ADWR also developed a methodology for applying setbacks that resulted in a continuous 

subflow zone, as described in Chapter 3 of this report.21   

 
 
 

20 “Pleistocene,” “Tertiary,” and “Holocene” are terms of art that refer to certain geologic epochs. 
21 Subflow zones were not delineated for mountain front streams within the San Pedro River 
watershed due to time and other resource limitations. 
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CHAPTER 2:  DELINEATION OF THE LATERAL EXTENT OF THE 
FLOODPLAIN HOLOCENE ALLUVIUM 

 
 
 
 
2.1 INTRODUCTION  

Pursuant to the Adjudication Court’s 2012 Order, this report revises the conclusions 

presented in ADWR’s 2009 Subflow Report regarding the delineation of the subflow zone within 

the San Pedro River watershed.  In this chapter, ADWR describes the delineation of the lateral 

extent of the FHA for the San Pedro River, Babocomari River and Aravaipa Creek.  In Chapter 

Three of this report, ADWR describes the application of certain setbacks to the delineation of 

FHA as directed by the Adjudication Court in order to delineate the subflow zone. 

In the 2012 Order, the Adjudication Court found that ADWR’s proposed delineation of 

the subflow zone in its 2009 Report was too narrow because it excluded portions of FHA that 

were overlain by alluvial fans and other deposits of tributary Holocene alluvium (“THA”).  

Although the Adjudication Court indicated that AZGS had appropriately mapped the surficial 

geology along the San Pedro River, the Adjudication Court found that this mapping was not 

dispositive, and it directed ADWR to use its technical expertise to delineate the subflow zone 

based on other available tools.1  The Adjudication Court stated: 

ADWR’s 2009 subflow zone delineation proposal for the San Pedro River is too 
narrow, as would be any mapping that relies too heavily on surface mapping.  
ADWR must have at its discretion use of a number of several tools in delineating 
the lateral extent of the FHA at a given location.  Not every tool can or 
necessarily should be used at each location.  ADWR must use its technical 
expertise to utilize all of the resources available to it in delineating the subflow 
zone. 

 
2012 Order at 3, ¶ 18. 
 
The Adjudication Court identified the existence of riparian vegetation, lithology data (soil 

borings), water level data, and aerial photography as potentially useful tools.2  The Adjudication 

1 2012 Order at 2-4, ¶¶ 6-12, 15, 20. 
2 Id. at 3, ¶¶ 13-14, 17; Id. at 5, ¶ 3.  
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Court also emphasized that ADWR should use its professional judgment when determining what 

areas to include within the subflow zone.3 

As described in this chapter, delineation of the lateral extent of FHA is based on 

geological settings of the San Pedro River, Babocomari River and Aravaipa Creek; 

geomorphological processes of the streams and tributary drainages; and exposed bounding 

topography of the inner stream valleys.  Where available and appropriate, ADWR also utilized 

riparian vegetation patterns, satellite imagery, soil lithology logs and water levels in shallow 

wells. 

 

 

2.2 GEOLOGY AND GEOMORPHOLOGY OF THE SAN PEDRO RIVER  
 VALLEY 

In November 2013, ADWR executed an inter-agency agreement with the AZGS 

regarding the geology and geomorphology of the San Pedro River watershed, particularly the 

identification of Holocene river alluvium, and joint-investigations of sedimentary relationships at 

numerous sites along the San Pedro River and within tributary channels to the San Pedro River.  

In March 2014, AZGS produced two documents entitled, Geology and Geomorphology of the 

San Pedro River (“AZGS San Pedro Report”) and Site Investigation of Tributary Drainages to 

the San Pedro River (“AZGS Tributary Site Report”).  Copies of these documents as well as the 

inter-agency agreement are provided in Appendix B to this report. 

The Adjudication Court’s 2012 Order found that AZGS had appropriately mapped the 

surficial geology of the river alluvium and other deposits along the San Pedro River, Babocomari 

River, and Aravaipa Creek in March 2009.  This mapping, together with an understanding of the 

physical setting and geomorphological processes at work in the San Pedro River valley, provide 

clues to the locations of buried FHA.  The following sections summarize portions of the AZGS 

San Pedro Report describing the river’s geologic setting, geomorphic processes, and the pre-

Holocene boundary topography. 

 

3 Id. at 5, ¶ 3. 
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2.2.1 Geologic Setting 
The general trend of the San Pedro River Valley is governed by strong north to northwest 

structural and topographic alignments of adjacent mountain ranges formed during basin and 

range faulting about 8 to 25 million years ago.  The uppermost reach of the river valley is 

flanked by the Huachuca and Mule Mountains; the next reach downstream is flanked by the 

Whetstone, Dragoon, Little Rincon, and Rincon Mountains; and the lower river valley by the 

Rincon, Santa Catalina, and Tortilla Mountains on the west and the Galiuro Mountains on the 

east.  Bedrock bounds several miles of the river channel at the Tombstone Hills in the Fairbank-

Charleston area; a location known as the Narrows, approximately 16 river miles north of Benson 

between the Rincon and Little Rincon Mountains; more than a mile of the river channel in the 

Redington area; and a short reach near Dudleyville above the Gila confluence.   

Deposits of basin fill are called the St. David Formation in the upper basin (south of the 

Narrows) and the Quiburis Formation in the lower basin.  St. David Formation deposits range 

from playa-like to river floodplain and channel deposits that were deposited from prior to 3.5 

million years to less than 770,000 years ago.  Quiburis Formation deposits are generally formed 

in playa environments and originated approximately 6 million years ago.   

Basin fill deposits pre-date any incision of the San Pedro River, which occurred during 

the Pleistocene and Holocene (collectively Quaternary) epochs.  The basin fill sediments 

transition from coarse gravel near the mountains to much finer-grained sand, silts, and clays in 

the valley center.  Lake-like playa environments produce the finest-grained deposits.  The 

coarser-grained deposits found at the valley margins are substantially more resistant to erosion 

than the finer-grained deposits at the valley center.   

The topographically lowest part of the San Pedro Valley (the inner valley), which 

contains the modern river channel and all of the FHA of the San Pedro River, began to form in 

the late Pleistocene (pre-Holocene).  As the river has incised, it has carved an erosional trough in 

older basin-fill deposits and bedrock, and has left behind remnants of older river deposits (river 

terraces) that record previous levels of the river.  Old river terrace deposits perched high above 

the modern river record past levels of the river since river incision began in the early or middle 

Quaternary.  The oldest of these Pleistocene terrace deposits (geologic map unit Qi1r) are found 

high above the modern river and thus predate most of the river incision.  Progressively lower and 

April 2014 2-3 Revised Subflow Zone 
  Delineation Report 
  



younger Pleistocene river terrace deposits (geologic map units Qi2r, Qi3r) are more common and 

record past river levels during the long-term trend of down-cutting by the river.   

Stratigraphic evidence from tributary drainages to the San Pedro River suggests that the 

ages of the youngest Pleistocene river deposits (Qi3r) are 15,000 to 50,000 years ago.  After 

thousands of years of river aggradation, the San Pedro River incised into the Qi3r deposits 

resulting in the formation of the Qi3r terraces which are nearly always 10 feet or more higher 

than the adjacent Holocene river deposits.  Evidence found in local tributaries suggests that this 

incision occurred in the youngest Pleistocene, approximately 13,000 to 15,000 years ago.  

During the youngest Pleistocene and the Holocene, the river has operated within a relatively 

narrow inner valley bounded by eroded basin deposits, older river terrace deposits, tributary 

deposits, and bedrock.  In the subsurface, the inner valley presumably is cut into basin-fill 

deposits and bedrock.  Evidence from tributary deposits indicates that there have been at least 

five (5) periods of incision during the Holocene, beginning approximately 7,500 years ago.  The 

geologic map units for the Holocene river alluvium from youngest to oldest are denoted by Qycr, 

Qy4r, Qy3r, Qy2r and Qy1r. 

 

2.2.2 Geomorphic Processes 
The form of the inner valley of the San Pedro River has been shaped by various processes 

of geomorphology.  Processes of primary importance are vertical incision, river aggradation4, 

lateral erosion of the river and its tributaries, and erosion of adjacent hillslopes.  Some of these 

processes are closely linked, such as river and tributary erosion.  Other processes tend to operate 

in opposition to one another, such as river and tributary erosion versus river and tributary 

aggradation.  Deposition of sediments in the inner valley involves interactions between tributary 

and river sediment supply, transportation of sediment, and changing river channel morphology 

and position in the inner valley.  Tributaries of all sizes have deposited sediment, forming 

alluvial fans in the inner river valley, and there is abundant evidence in the historical aerial photo 

record for the past 80 years that interactions between these fans, river erosion and river 

aggradation are dynamic.  Figure 2-1 shows an example of an area of the San Pedro River eight 

miles north of Benson where the effects of several processes are apparent. 

4 “Aggradation” is the term for the increase in land elevation due to the deposition of sediment. 
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Stratigraphic exposures along incised tributary channels in areas that formerly were 

active tributary alluvial fans provide abundant evidence for interaction between tributary and 

river deposition through the middle and late Holocene.  Beds of tributary gravel deposits are 

commonly found between beds of finer-grained deposits, which are probably river floodplain 

deposits.  For example, exposures along Palominas arroyo5 reveal that the river channel occupied 

a position near the eastern margin of the inner valley, about 0.5 miles east of the modern river 

channel, in the middle Holocene.  This area is shown as site No. 1 on Figure 2-2.  At this 

location, almost the entire area between the edge of the inner valley and the river channel is 

covered by the young Palominas alluvial fan.  The San Pedro River channel was at the eastern 

margin of the inner valley a few thousand years ago, and the Palominas fan has encroached 

substantially onto the floodplain since that time.  The portion of the inner valley that is currently 

covered by Palominas fan deposits was occupied by the San Pedro River sometime in the past 

few thousand years.  In these areas, tributary sand and gravel deposits that were deposited along 

the margin of the river floodplain prior to historical river and tributary incision cap exposures of 

Holocene river alluvium.6 

 Vertical incision lowers the base-level of the river which, in turn, results in vertical 

incision of the tributaries.  This process increases erosion and available downstream sediment 

supply.  If the river flow does not have enough energy flow to transport the increased sediment 

supply downstream, then sediment deposition occurs resulting in a period of aggradation.  

Deposition of finer grained sediments can also occur as the result of floods which spill sediment-

laden water over the banks of the river into adjacent floodplains with lower flow velocities and 

sediment carrying capacity.  As the flood recedes, flow velocities and sediment carrying capacity 

in the river channel decrease and water is trapped outside the river banks where it forms still 

pools that deposit the sediment load.  Evidence indicates a complex history of vertical incision 

and aggradation has occurred along the San Pedro River and some of its tributaries. 

Lateral river erosion has been the dominant process establishing the form of the inner 

valley.  As lateral erosion of the riverbanks widens the newly-incised channel, the perimeter 

length along which erosive forces act increases.  This results in a gradual decreasing in the rate 

5 “Arroyo” is a Spanish term commonly used to describe a desert ephemeral wash, often a small, 
narrow canyon with steep walls and flat floor. 
6 See AZGS San Pedro Report at page 8. 
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of lateral erosion over time, although lateral erosion will continue to occur on the outside bends 

of the channel.  There are numerous places along the boundaries of the current inner river valley 

where lateral erosion over time has removed all of the older sediments so that Holocene river 

floodplain alluvium has been deposited directly against the older bounding basin fill geologic 

units.7  As the active channel migrated back and forth within the valley floor over thousands of 

years, the bounding units were eroded to form a fairly well-defined inner valley. 

As with the main stem of the river, tributaries also experienced both vertical incision and 

lateral erosion.  While vertical incision is likely more predominant on smaller tributaries of the 

San Pedro River, lateral erosion can potentially occur on any sizeable tributary.  Sediment 

deposition by tributaries occurs predominantly at the mouth of the tributary when the tributary 

stream loses power as its base level approaches the base level of the main stem.  The sediments 

are deposited in a fan-shaped manner and the resulting land form is known as an alluvial fan.  

The fate of the alluvial fan is dependent on its interaction with the main stem of the river system.  

Fans that are deposited where the inner river valley is narrow and bounded by erosion-resistant 

geologic units can themselves be eroded by the lateral movement of the main stem river channel.  

Multiple fans deposited into the inner valley can overlap forming a broad plain commonly 

referred as a “bajada” sloping toward the main stem of the river.   

Hillslopes and very small catchments feed water and sediment directly to the inner valley 

where the bounding topography is well-defined and close to the river.  In these areas, tributary 

deposits commonly form narrow fringes or “aprons” along the margins of the inner valley, either 

as very small, steep alluvial fans or fairly planar aprons of young sediment at the toes of 

bounding hillslopes.  These tributary deposits typically have been eroded from basin-fill deposits 

immediately upslope.  Because the inner valley is narrow and the bounding topography is well-

defined, young tributary deposits are quite vulnerable to removal by lateral river erosion.  These 

narrow tributary aprons are not stable geologic features.  Following periodic removal by lateral 

river erosion, they begin to accumulate again on top of river deposits when the river migrates 

away from the bounding topography.  As previously discussed, there are many examples where 

7 There are multiple geologic mapping units that bound the inner valley of FHA and THA in 
various locations.  These units include deposits from the Pleistocene epoch (Qi1r, Qi2r and Qi3r) 
as well as older basin fill deposits and bedrock. 
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essentially no tributary deposits are preserved at the junction of the inner valley and the 

bounding topography, indicating that river erosion has removed them. 

Small tributaries that flow only in response to storm events may produce fans that are 

short-lived and rapidly eroded by flows in the main stem of the river.  Larger tributaries with 

more frequent flows can produce larger fans that can alter the course of the main stem of the 

river.  Small tributaries have deposited relatively small alluvial fans on the margins of the river 

floodplain, and the floors of tributary valleys commonly are covered with young tributary 

deposits that mantle some amount of erosional topography on the bounding geologic units.  

Because small tributary fans have formed all along the river corridor, the potential for them to be 

removed by river erosion depends on the form and width of the inner valley.  In areas where the 

bounding topography is linear and the inner valley is narrow, it is likely that river flows of 

sufficient magnitude have occurred and the small tributary fans have been subject to periodic 

removal by lateral river erosion during the past 10,000 years.  After they are eroded away, 

tributaries soon begin to build new fans atop young river deposits when the river migrates away 

from the tributary mouth.  In areas where the bounding topography is eroded well back from the 

river and is crenulated,8 tributary deposits in the inner valley are far less likely to have been 

removed by river erosion. 

Larger tributaries have more erosive power and so can potentially erode the bounding 

geology of their valleys laterally.  In locations where the San Pedro River has not eroded 

laterally up to the mouth of a tributary for a long period of time, the lateral erosion of the 

tributary can create an embayment9 in the bounding geology of the inner valley.  Where the 

bounding geology is resistant to erosion, the embayment at the mouth of the tributary can be 

narrow or non-existent.  Where the bounding geology is readily eroded, the embayment can be 

large and extend some distance away from the river. 

Larger tributaries also transport larger amounts of sediment, and many have deposited 

large, well-defined individual alluvial fans and fan complexes into the inner valley.  Because 

they are large features, substantial lateral river erosion is required to significantly alter or remove 

them.  For that reason, they might be considered to be more permanent features in the inner 

8 A “crenulated” boundary is one having a serrated pattern with small wavy edges. 
9 An “embayment” is an area having a bay or bay-like shape. 
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valley.  However, because these fans are large features, they typically protrude well out into the 

inner valley, which renders them more susceptible to river erosion.  The historic record 

demonstrates that large fans are also dynamic features, as they occasionally experience large 

floods and transport abundant sediment in these floods.  In areas where the inner valley is 

relatively narrow and well-defined topographically, it is likely that even large tributary fans can 

be eroded and those areas temporarily incorporated into the river channel or floodplain. 

In areas where the inner valley is very wide, it is likely that large tributary fans are more 

permanent features and only subject to some modification near the river.  Fans in these settings 

are relatively large, and their apexes are located far from and substantially higher than the river.  

Prior to historical river incision, the slopes of these large fans typically transitioned almost 

imperceptibly onto the river floodplain.  There is some unknown amount of interfingering of fan 

and river deposits in the subsurface in these areas, but the lateral extent cannot be readily 

determined from the observable geomorphic record. 

 

2.2.3 Pre-Holocene Bounding Topography 
The landforms found in the inner valley of the San Pedro River result from a combination 

of the erosional and depositional processes described above and the interaction of those 

processes with the bounding geologic units.  The characteristic of the bounding pre-Holocene 

geologic units most relevant to landform creation is their resistance to erosion. 

Where the bounding geologic units are more resistant to erosion, the inner valley is 

relatively narrow, and its lateral boundaries are more or less continuous with generally small and 

narrow embayments created by the confluence with tributaries.  Where the inner valley is narrow 

or linear, it is highly likely that lateral erosion of the San Pedro River has impacted the bounding 

geology during the Holocene and that the river has deposited sediments from one side of the 

inner valley to the other.  Though tributaries may deposit sediments that cover the river’s 

sediments, it is very likely that floodplain Holocene alluvium lies beneath the tributary sediments 

where the inner valley is narrow or linear. 

Where the bounding geologic units are less resistant to erosion, the inner valley is wide 

and its sides are notable for large embayments resulting from the lateral erosion of tributaries 

near their confluence with the San Pedro River into the softer bounding geology.  Tributaries 

produce more sediment from the softer bounding geology and this increased sediment load can 
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bury both the river deposits and potentially even remnants of the bounding geologic units that are 

closer to the river.  Though floodplain Holocene alluvium likely extends from the modern river 

floodplain laterally beneath the tributary sediments, it is unlikely to extend all the way to the 

visible older geologic units bounding the embayments.  The mapping of the lateral extent of the 

floodplain Holocene alluvium into the tributary embayments where the inner valley is very wide 

and bounded by geologic units less resistant to erosion requires the consideration of factors other 

than the existing geomorphology. 

 

2.2.4 Site Investigations of Tributary Drainages 
During December 2013 and January 2014, AZGS and ADWR staff visited sites of 

exposed tributary channel deposits along the boundary with the active San Pedro River.  A list 

was developed of 39 candidate sites along the San Pedro River from near the U.S./Mexico border 

to near the confluence with the Gila River at Winkleman, AZ.  Most of these sites are located in 

incised tributary drainages to the San Pedro River while others are in the active channel of the 

San Pedro River. 

The AZGS Tributary Site Report includes map figures showing the 39 site locations 

marked as red dots and denoted by approximate river mile and directional information.  For 

example “SPR 69.5E” denotes a site located on the east side of the San Pedro River at 

approximately river mile 69.5.  If observations were made at a site, then annotated photographs 

and brief descriptions of the exposed sediment and a stratigraphic interpretation of the exposed 

sedimentary relationships were provided in the AZGS report.  

Of the 39 sites, eight were inaccessible due to private property or other access issues, and 

nine were not useful because they were not incised deeply enough to provide exposures of 

sedimentary relationships between Holocene river and tributary alluvium.  Exposures at 22 sites 

demonstrated overlapping, interfingering sedimentary alluvium relationships.  Of these sites, five 

provided exposures along the San Pedro River and 17 were located within incised tributary 

channels.  Of the 17 sites, four showed deposits potentially consistent with either Holocene San 

Pedro River floodplain deposition or tributary reworking of fine grained basin fill alluvium.  One 

site was disturbed by human activity.  The remaining twelve sites provide direct evidence that 

buried FHA extends farther away from the modern river channel than is depicted on AZGS 2009 
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surficial geologic maps.  Locations of the twelve AZGS sites showing FHA extending outside 

surface mapped exposures are marked with red stars on Figure 2-2. 

 

 

2.3 TOOLS FOR DELINEATING THE LATERAL EXTENT OF FHA  
A 33-sheet set of work maps covering the San Pedro River, Babocomari River and 

Aravaipa Creek is included as Appendix C to this report, and their underlying datasets are 

described in Appendix D.  The work maps display the lateral extent of the FHA, as delineated 

by ADWR, based on geology, geomorphology and other information that helped to inform the 

professional judgment applied in the delineation as directed by the Adjudication Court’s 2012 

Order.  This information is described below. 10 

 

2.3.1 Geology and Geomorphology 
Based on the reports prepared by the AZGS and its 2009 mapping, FHA first was 

delineated along mapped contacts between surface exposures of pre-Holocene bounding 

topography and Holocene river alluvium.  As directed by the Adjudication Court’s 2012 Order, 

the FHA delineation then was adjusted where necessary to include the historical composite 

active floodplain, (“HCAF”), which is depicted on each of the work maps.11  Next, FHA was 

delineated along mapped contacts between THA and exposures of relatively linear scarps of 

pre-Holocene bounding topography with smaller crenulations. 

 In the remaining areas, exposures of bounding topography display less uniformity and are 

farther away from the recent river deposits in the inner valley.   It is in these areas that the AZGS 

concluded it is likely the river may not have actively eroded some of the exposed bounding 

geologic units.  In completing delineation of the FHA in such areas, ADWR utilized certain data 

and information from riparian vegetation patterns, satellite imagery, soil lithology logs and water 

levels measured in shallow wells while maintaining continuity with the lateral extent and 

orientation of the FHA as delineated in the first two steps.  The information obtained from 

10 Additional information relating to the application of setbacks is also depicted on the work 
maps.  This process is discussed in Chapter 3. 
11 The HCAF is based on aerial photography from 1935 to 2007.  For additional information, see 
ADWR 2011 Response to Comments, Section 5.1, Appendix D. 
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review of these other tools was considered together with all other available information.  

Intermediate conclusions were not derived from review of the individual tools, instead each piece 

of information was considered in the context of all other available and appropriate information 

enabling the application of professional judgment in delineating the lateral extent of FHA in 

accordance with directions from the Adjudication Court. 

 

2.3.2 Riparian Vegetation Patterns 
 ADWR examined riparian vegetation growth data along the San Pedro River downloaded 

from the United States Fish and Wildlife Service National Wetlands Mapping website.12  

Information was derived from the data in two categories: (1) cottonwood and willow trees and 

(2) mesquite and salt cedar trees.  Cottonwoods and willows grow on the active floodplains of 

perennial and intermittent rivers and are commonly classified as obligate phreatophytes, meaning 

that shallow subsurface water is essential for their survival.  Mesquites and salt cedars can be 

found growing in upland areas, but dense stands of mesquite and salt cedar are most common on 

river floodplains and low river terraces.  They are commonly classified as facultative 

phreatophytes, meaning that while they can use relatively shallow or deep subsurface water, they 

can also survive solely on rainfall.  Areas where riparian vegetation has been planted and 

cultivated by man for mitigation and re-establishment projects were also identified.  

Nearly all mapped growth of cottonwood and willow trees was limited to areas along the 

current active channel of the San Pedro River, which was well within the mapped exposures of 

Holocene river alluvium and therefore not useful for identifying buried FHA.   Growth of 

mesquite and salt cedar trees was mapped within the FHA and THA of the inner valley as well as 

along some tributaries.  Patterns and densities of mesquite and salt cedar trees were identified 

and compared to the lateral width and orientation of the FHA based on geology and 

geomorphology. 

 

12 http://www.fws.gov/wetlands/Data/Mapper.html 
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2.3.3 Remote Sensing Imagery 
 ADWR utilized aerial photography from the 2010 National Agriculture Imagery Program 

(NAIP)13 by the United States Department of Agriculture, as well as satellite imagery from 2013 

World Imagery by the ESRI Corporation.14  Imagery was used to: (1) identify riparian vegetation 

along the San Pedro River, Babocomari River and Aravaipa Creek; (2) interpret areas mapped as 

having been disturbed by human activity; and (3) identify ground markers associated with 

location of the active channel and floodplain in areas where minor overlapping may exist along 

edges of the HCAF, Holocene alluvium and bedrock outcrops or other pre-Holocene geologic 

deposits. 

 

2.3.4 Soil Lithology Logs 
 Along the San Pedro River, ADWR utilized information from 167 soil boring logs 

prepared by geologists or other trained professionals.15 The majority of these professional-level 

lithology logs were from wells drilled within or in close proximity to mapped surface exposures 

of FHA and used for identification of characteristic descriptions of soil lithology.  These 

lithology logs generally indicated the presence of inter-bedded layers of sands, gravels, silty 

sands, clayey sands, sandy clay etc.  Due to the presence of a wide inner valley and limited 

available information overall, an additional 273 driller logs were reviewed for lithologic trends in 

the vicinities of river miles 112−109, 106−104, 99−96 and 89−86 of the San Pedro River.   

Descriptions of soil lithology from borings drilled within the mapped THA were 

compared to the common characteristics identified from borings drilled within the mapped FHA 

and used for identifying trends in similarities or differences.  Differences generally took the form 

of descriptions of shallow and thick clay deposits having moderate or high plasticity.  Review of 

soil lithology was considered in context with all other available information used for delineation 

of the FHA. 

 

13 https://www.fsa.usda.gov/FSA/apfoapp?area=home&subject=prog&topic=nai 
14 http://www.arcgis.com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9 
15 Soil boring lithology logs are described in two tables in Appendix D to this report. 
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2.3.5 Water Elevations in Shallow Wells 
 Water elevation measurements from shallow wells were used for completing delineation 

of the FHA along the San Pedro River between river miles 114 and 82.  These 32 river miles 

have exposed bounding topography relatively far back from the river and therefore providing 

less constraint on the width of the FHA.  Water elevation measurements for shallow wells less 

than 200 feet deep were obtained from ADWR’s main repository for state-wide groundwater 

data, the Groundwater Site Inventory database (GWSI).16  The GWSI consists of field-verified 

well data collected by ADWR personnel, the USGS, and other co-operating agencies.  Figure 

2-3 shows the location of the wells used in the analysis based on the best available information 

for the latitude and longitude of each well.   

The three best available datasets of water elevation measurements, collected during the 

years 1968, 1990 and 2006, were used in this analysis.  These datasets include 397 water 

elevation measurements, which are described in three tables in Appendix D.  ADWR also used 

the general direction of the river and inner valley as the directional line of subflow.  In its 1994 

Subflow Order, the Adjudication Court indicated that the flow direction in the subflow zone 

must be in the general overall direction of the stream.  The Adjudication Court stated:  

Because low-flow streams like the San Pedro meander back and forth in a series 
of “S” curves within a wider principal or dynamic channel, flow direction must be 
the general overall direction of the stream.  
 

1994 Subflow Order at page 57. 

Figures 2-4, 2-5 and 2-6 display results of simple linear regression17 analyses of 1968, 

1990 and 2006 water elevations measured for wells drilled within mapped surface exposures of 

FHA (“FHA-wells”).  Seven lines derived from regression analysis are shown on each figure.  

The lines of “Best-Fit” are shown as blue lines.   The vertical distances between the two solid 

black lines labeled “Upper 50%” and “Lower 50%,” represent the ranges of water elevations 

encompassing the middle 50 percent of the FHA-well data points.  The vertical distances 

between the dashed lines and dotted lines represent the ranges of elevations of the middle 75 and 

16 See http://gisweb.azwater.gov/waterresourcedata/gwsi.aspx.   
17 In statistics, simple linear regression fits a straight line through a data set in such a way that the 
sum of the squared residuals (i.e. the vertical distances between the points of the data set and the 
fitted line) is as small as possible.  The fitted straight line derived from regression analysis is 
referred as the “best-fit.” 
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95 percent of FHA-well data, respectively.  The best-fit and the upper and lower 50, 75 and 95 

percent lines characterize shallow subsurface water conditions within the mapped, known FHA 

at the selected points in time. 

Also plotted on Figures 2-4, 2-5 and 2-6 are individual data points showing measured 

water elevations for wells constructed within aprons of THA mapped between the FHA and pre-

Holocene bounding topographies (“THA-wells”).  The THA-well data points are divided into 

two groups depending on whether the well from which the data was measured is constructed to 

the west or east of the mapped FHA.   

The figures were used for comparative purposes in identifying trends in similarities or 

differences between the shallow subsurface water conditions inside the mapped FHA versus 

individual measurements within the THA on both sides of the river.  Results of the water 

elevation comparisons (discussed below in Section 2.4.4) were considered in context with all 

other available information used for delineation of the FHA between river miles 114 and 82.    

 

 

2.4 SAN PEDRO RIVER FHA 

Description of the delineation of the lateral extent of the FHA of the San Pedro River is 

presented below.  ADWR has defined seven reaches stretching 157 river miles from the 

international border with Mexico to the San Pedro’s confluence with the Gila River, as depicted 

on Figure 2-7. 

In the Upper San Pedro River Valley, the 75-mile long river is divided into four reaches 

beginning with a 23-mile reach extending from the U.S./Mexico Border to the bedrock lined 

channel at the Tombstone Hills in the Fairbank-Charleston area.  Below the five-mile long 

bedrock-lined channel, the remaining 47 miles of the upper river is divided into two reaches with 

lengths of 15 and 32 miles, respectively.  In the Lower San Pedro River Valley, the 82-mile long 

river is divided into three reaches beginning with a 23-mile reach extending from The Narrows 

to the bedrock lined channel in the Redington area.  Below the 1.5 mile-long bedrock-lined 

channel, the remaining 57.5 miles of the lower river is treated as a single reach. 
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2.4.1 Upper Valley Reach 1 (River Miles 157-134) 
 The 23-mile long reach of the San Pedro River between the U.S./Mexico Border and the 

bedrock-lined channel at Tombstone Hills extends from river mile 157 to river mile 134 (“Upper 

Valley Reach 1”).  This reach is characterized by relatively linear scarps eroded into pre-

Holocene bounding topography.  Mapped surface exposures of Holocene river alluvium cover 

most of the inner valley.  Lateral river erosion, meandering and eroding side-to-side across the 

inner valley, is the dominant process at work.  Deviations in linearity of the bounding 

topography are due to variations in lateral river erosion and the number of sufficiently large 

flood events since the river eroded laterally at that particular place.  In many locations the 

Holocene tributary apron is narrow and not geologically stable, having young deposits derived 

from geologic units immediately upslope from the river floodplain.  Where tributaries join the 

river, dynamic alluvial fan depositional environments exist and the river periodically erodes 

laterally against the older units that bound the inner valley, trimming and removing the local 

tributary deposits. 

 Within this reach, three AZGS investigation sites show exposures of otherwise buried 

FHA deposits outside of the mapped Holocene river alluvium channel: 

• Near river mile 153, Palominas Arroyo exits the confinement of rolling basin 

fill hills to the east, flowing west to the San Pedro River.  San Pedro River 

gravels and channel sediments are exposed in the arroyo as it cuts through a 

thin, broad, nearly semicircular fan with side walls exceeding 15 to 20 feet 

deep in places.  This exposure may offer the best visible example of otherwise 

buried Holocene San Pedro River deposits adjacent to basin fill bluffs outside 

the modern channel.  Exposures of buried FHA are located as much as 2,200 

feet outside mapped Holocene river deposits on the AZGS 2009 surficial 

maps. 

• Near river miles 143 and 141.5, small unnamed incised arroyos exit 

well-eroded basin fill deposits along the west side of the San Pedro River and 

have deposited broad splays of tributary alluvium dominantly composed of 

reworked basin fill sediment.  Where the arroyos are sufficiently incised, 

interfingering depositional relationships between Holocene tributary and San 
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Pedro floodplain alluvium are exposed.  The exposed fine-grained San Pedro 

River deposits are located up to 300 feet (river mile 143) and 175 feet (river 

mile 141.5) outside the mapped boundary of Holocene river alluvium on 

AZGS surficial maps.  The exposures become buried short distances upstream 

and are no longer exposed in the arroyo wall, so the maximum lateral extents 

of the deposits are not visible. 

Application of the geology and geomorphology tools described in Section 2.3 allowed 

for delineation of the FHA along the vast majority of the reach.  For the remaining areas, ADWR 

reviewed additional information while providing continuity of the FHA boundary.  Between 

river miles 157 and 150 on the west side of the river, the delineation of FHA was completed by 

review of the site investigations listed above, photo-imagery, riparian vegetation patterns, and 18 

of the 55 soil boring logs reviewed for the entire reach.  In the area of river mile 136 on the east 

side of the river, delineation of FHA was completed by review of photo-imagery, and riparian 

vegetation patterns. 

 

2.4.2 Upper Valley Reach 2 (River Miles 134-129) 
Mapped surface exposures of Holocene river alluvium cover most of the inner valley 

within the five-mile long reach from river mile 134 to river mile 129, including the bedrock-lined 

channel at Tombstone Hills (“Upper Valley Reach 2”).  Much of the length of the reach has 

mapped contacts between surface exposures of Holocene river alluvium or the HCAF and pre-

Holocene bounding topography.  In many locations the Holocene margin of the floodplain is 

narrow and comprised of temporary young deposits derived from adjacent hillslopes 

immediately upslope from the river floodplain.     

Application of the geology and geomorphology tools described in Section 2.3 allowed 

for delineation of FHA along most of the reach.  In the remaining few locations where the 

bounding topography is less-uniform and farther away from the river, ADWR reviewed 

additional information while providing continuity of the FHA boundary.    In the area of river 

mile 130 on the west side of the river, the delineation of FHA was completed by review of 

photo-imagery and riparian vegetation patterns.  ADWR reviewed 12 lithology logs from soil 

borings drilled within the entire reach.  A minor correction was made to the mapped location of 

April 2014 2-16 Revised Subflow Zone 
  Delineation Report 
  



the bedrock contact in the area of river miles 131 to 130 in order to include the active river 

channel within the delineation of FHA. 

 

2.4.3 Upper Valley Reach 3 (River Miles 129-114) 
The 15-mile long reach from river mile 129 to river mile 114 downstream of the 

bedrock-lined channel at Tombstone Hills is characterized by more crenulated scarps cut into 

pre-Holocene bounding topography (“Upper Valley Reach 3”).  Eroded ridges or spines have 

formed, surrounded on three sides by, and extending toward (or into), the inner river valley.  The 

orientations of the long axes of these ridges or spines tend to be perpendicular to the inner valley. 

In other locations eroded isolated pre-Holocene knobs have formed.  In some cases, these 

landforms reflect complexities in the pattern of lateral river erosion, such as shorter-wavelength 

meanders scalloping out the bounding topography.  In others, they simply indicate that the river 

has not actively eroded that part of the valley margin for thousands of years.  It might be 

expected that some of the ridges, spines and knobs exposed at the surface extend farther toward 

the river in the subsurface (the iceberg phenomenon), and that the river may not have actively 

eroded the bounding topography as far away from the valley axis as some of the existing 

outcrops.  Mapped surface exposures of Holocene river alluvium cover most of the inner valley. 

Application of the geology and geomorphology tools described in Section 2.3 allowed 

for delineation of FHA along much of the reach.  In areas having more crenulated scarps, the 

remaining FHA was delineated tangent to the more-inward scarped exposures while providing 

continuity of the FHA boundary.  ADWR reviewed 12 lithology logs from soil borings drilled 

within the entire reach.  On the west side of the river, delineation of FHA was completed in the 

area of river mile 125 by review of photo-imagery, and riparian vegetation patterns.  On the east 

side of the river, delineation of FHA was completed between river miles 122 and 120 and near 

river miles 117 and 115 by review of photo-imagery, riparian vegetation patterns, and four soil 

boring logs.  Small mapped pre-Holocene exposures are encapsulated within the delineation of 

FHA in the area of river miles 119 to 118. 

 

2.4.4 Upper Valley Reach 4 (River Miles 114-82) 
The remaining 32 miles of the San Pedro River upstream of The Narrows, approximately 

16 river miles north of Benson, from river mile 114 to river mile 82 are generally characterized 
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by a wide inner valley with large embayments resulting from the lateral erosion of tributaries 

near their confluence with the river (“Upper Valley Reach 4”).  In some segments of this reach, 

the exposed bounding topography is far back from the river and provides less constraint to the 

width of the FHA.  The apron area between the exposed Holocene river deposits and the pre-

Holocene bounding topography is covered with THA deposits.  It is likely that substantial 

bounding topography has been buried by accumulation of young local deposits.  Though FHA 

likely extends from the modern river floodplain laterally beneath the tributary sediments, it is 

unlikely to extend all the way to the visible older geologic units bounding the tributary 

embayments where the inner valley is very wide and bounded by geologic units less resistant to 

erosion. 

Delineation of the FHA within this reach was ground-verified at six AZGS investigation 

sites showing exposures of otherwise buried FHA deposits outside of the mapped Holocene river 

alluvium channel: 

• Near river mile 112, vertical channel walls of California Wash expose 

alternating beds of poorly sorted sandy to gravelly laminar and cross bedded 

sediment and well-sorted fine grained alluvium strongly resembling floodplain 

deposits exposed in the channel walls of the San Pedro to the east.  The 

uppermost layer at the top of the sequence exhibits little to no soil 

development and appears to have been deposited recently, probably in 

historical times prior to widespread incision along the San Pedro River.  

Deposits exposed along California Wash record alternating deposition of 

Holocene tributary and San Pedro River alluvium prior to deposition of young 

tributary fan alluvium at the surface. These exposures of Holocene San Pedro 

River alluvium are located up to 275 feet outside mapped deposits of 

Holocene river alluvium on AZGS 2009 surficial geologic maps. 

• Near river mile 108, a small unnamed tributary channel joins the San Pedro 

River from the east.  The channel incises through broad, low-relief tributary 

alluvial fans and Holocene San Pedro deposits.  Historically, agricultural 

fields straddled the boundary between tributary and river alluvium, obscuring 

the contact at the surface and some of these fields are still cultivated today.  

Fine-grained, alluvium with dark gray to black, organic-rich interbeds is 
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overlain by predominantly fine sandy alluvium with coarse sandy to pebbly 

interbeds.  These deposits, in turn, are overlain by a thinning deposit of poorly 

sorted sandy to pebbly alluvium with angular to sub angular clasts.18  The 

dark, organic-rich, banded fine-grained deposits are interpreted as low energy 

cienega-like19 San Pedro River alluvium where springs have been known to 

sustain wetlands in the past.  These dark layers could represent slow 

aggradation of organic-rich, swampy sediment prior to historical incision 

along this portion of the San Pedro River.  This exposure is located at the 

mapped tributary fan/Holocene San Pedro alluvial boundary on the surface. 

Exposures of Holocene San Pedro deposits extend upstream in the arroyo for 

approximately 20 to 30 feet until becoming buried. 

• Near river mile 107, Slavin Wash and other narrow incised arroyos cut 

through broad, coalescing Holocene tributary fan alluvium and San Pedro 

River deposits on the east side of the river.  Poorly sorted sandy to pebbly 

alluvium is interbedded with well-sorted, fine-grained alluvium.  This 

exposure is very close to the mapped surficial boundary of tributary alluvial 

fans on AZGS surficial geologic maps although an interfingering relationship 

between tributary and river alluvium appears to exist in the subsurface.  The 

poorly sorted sandy to pebbly alluvium is interpreted as tributary alluvium 

while the well sorted fine-grained alluvium strongly resembles low energy 

San Pedro floodplain deposits exposed in river channel walls downstream. 

• Near river mile 96, an unnamed tributary channel exposes interfingering fine 

grained San Pedro floodplain and coarser-grained, poorly sorted tributary fan 

alluvium.  Very poorly sorted light brown sandy to gravelly beds with angular 

to sub angular clasts interfinger with finer-grained, well sorted, darker brown 

interbeds.  The coarser beds strongly resemble tributary fan alluvium observed 

throughout the arroyo and in the modern tributary channel while the finer 

grained interbeds resemble San Pedro River floodplain deposits exposed in a 

18 “Clasts” are fragments of rock. 
19  A “cienega” is a wet, marshy area.  
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similar relationship in nearby arroyos and in modern channel walls of the San 

Pedro River.  Probable Holocene river floodplain deposits are exposed in this 

arroyo up to 2,600 feet outside the mapped surficial boundary of Holocene 

river alluvium on AZGS 2009 geologic maps. 

• Two sites, within several hundred feet of each other and near river mile 89.5 

show exposures of interfingering Holocene tributary and San Pedro alluvium.  

Light brown, poorly sorted, sandy alluvium with angular to sub-angular 

pebble and gravel-dominated interbeds overlies more uniformly sorted, 

medium brown, fine sandy beds with darker brown fine sandy to silty buried 

soils. Isolated lenses of lithologically diverse, well-rounded pebbles and 

cobbles are present within the fine-grained layer.  The poorly sorted alluvium 

with angular gravels exposed at the top of the arroyo wall is interpreted as 

tributary channel and fan deposits.  These deposits overlie finer-grained, well-

sorted sandy to silty alluvium with well-rounded cobble lenses representing 

Holocene San Pedro floodplain and channel deposits.  The tributary sand to 

gravel cap becomes noticeably thinner near the modern San Pedro River 

channel, indicating thinning tributary fan deposition atop laterally extensive 

and thick Holocene San Pedro floodplain deposits.  Holocene river floodplain 

deposits are exposed in this arroyo up to 820 feet outside the mapped surficial 

boundary of Holocene river alluvium on AZGS geologic maps.  Most of the 

tributary alluvium evident at this location is the thinning alluvial deposit at the 

top of the exposure.  The vast majority of sediment exposed in cross section 

here is interpreted as Holocene river deposits while surficial mapping shows 

this area as Holocene tributary deposits.  The surface is dominated by 

tributary alluvium at this location which is depicted in surficial AZGS 

geologic mapping yet it seems clear Holocene river deposits extends farther 

from the river in the subsurface than the 2009 surficial maps indicate. 

As described in Section 2.3, a wide inner valley has formed between river miles 114 and 

82 including a number of segments where the exposed bounding topography provides less 

constraint on the width of the FHA.  On the west side of the river, FHA was delineated along 

mapped contacts between surface exposures of pre-Holocene bounding topography and 

April 2014 2-20 Revised Subflow Zone 
  Delineation Report 
  



Holocene river alluvium in areas of river miles 114, 110, 105, 104.5 and 82.  FHA delineation 

then was adjusted where necessary to include the HCAF at river mile 95.  Delineation of the 

FHA beyond these areas provided continuity in the lateral extent of FHA and used information 

from the site investigations listed above, lithology logs, water levels measured in shallow wells 

and imagery and vegetation growth patterns described below. 

ADWR reviewed professional-level lithology logs from 33 soil borings in areas of river 

miles 114, 112, 107 (six borings), 106 (four borings), 105, 104 (eight borings), 101, 99 (ten 

borings) and 83.  An additional 276 soil boring logs from drilled wells were reviewed in 

vicinities of river mile areas 112−109.5, 106−104, 99−96 and 89−86. ADWR also reviewed 

water level measurements for three sub-reaches: 

• River Miles 114 to 104:  A majority of wells are drilled to the east of the exposed FHA, 

and show water levels greater than the mean FHA-level and less than the upper 95 

percent.  Generally, these wells were considered to exhibit a trend in water levels being 

generally consistent with FHA.  A smaller number of wells drilled to the east have water 

levels above the upper 95 percent of FHA wells, i.e. generally inconsistent with being 

drilled in FHA.  One of three wells on the west side of the river shows levels above the 

upper 95 percent of FHA wells and the other two wells show water levels at or below the 

mean FHA-level. 

• River Miles 100 to 95:  Most of the wells are drilled to the east of the exposed FHA, i.e. 

exhibiting a trend generally consistent with FHA.  Most fell within the middle 75 percent 

of FHA measurements, and all but one of these wells showed water levels within the 

middle 95 percent.   

• River Miles 91 to 82:  Most of the wells are drilled to the west of the exposed FHA, and 

show water levels greater than the mean FHA-level and less than the upper 95 percent, 

i.e. exhibiting a trend generally consistent with FHA.  A few of these wells showed levels 

above the upper 95 percent of FHA wells, i.e. not consistent with FHA. 

These water levels established several identified spatial trends of either being generally 

consistent or inconsistent with wells drilled in the FHA.  These findings are not conclusive as to 

the extent of FHA but were considered in context of all other available information and used to 

inform the Department’s professional judgment as applied.   
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Satellite imagery and mapped growth of mesquite and salt cedar trees provided 

information within several tributary embayments, including river miles 85 and 82.  The line of 

heavy vegetative growth in these areas generally followed the line of continuity of FHA.  Like 

the lithology and water level data, these findings are not by themselves conclusive, but 

considered in the full context of available and appropriate information. 

 

2.4.5 Lower Valley Reach 1 (River Miles 82-59) 
The 23-mile long reach from river mile 82 at The Narrows to river mile 59 at the 

bedrock-line channel near Redington is characterized by more crenulated scarps cut into pre-

Holocene bounding topography (“Lower Valley Reach 1”).  Eroded ridges or spines have 

formed, surrounded on three sides by, and extending toward (or into), the inner river valley.  In 

other locations eroded isolated pre-Holocene knobs have been formed.  It is likely that some of 

the ridges, spines and knobs exposed at the surface extend farther toward the river in the 

subsurface, and the river may not have actively eroded the bounding topography as far out from 

the valley axis as the existing outcrops.  Mapped surface exposures of Holocene river alluvium 

cover much of the inner valley. 

Delineation of the FHA within this reach was ground-verified at two AZGS investigation 

sites showing exposures of otherwise buried FHA deposits outside of the mapped Holocene river 

alluvium channel: 

• Near river mile 69.5, Lower Teran Wash has deposited a broad semi-circular 

alluvial fan where it becomes unconfined by high-standing, dissected, Quiburis 

basin fill bluffs.  The modern Teran Wash channel has incised through 

interfingering Holocene tributary fan and San Pedro River deposits as it has kept 

pace with historical to latest Holocene base level drop of the San Pedro River to 

the south.  Prior to basin incision it is likely the zone of confluence between these 

two channels was much more widespread and deposit dominance fluctuated 

laterally with river meandering and tributary floods.  Although AZGS surficial 

mapping depicts tributary fan alluvium throughout this area at the surface, this 

exposure exhibits interfingering and concurrent deposition of Teran Wash and 

San Pedro River sediment in an aggrading distal fan/river floodplain environment 

up to 425 feet farther from the river than depicted on AZGS 2009 maps. 
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• Near river mile 66, Hot Springs Wash joins the San Pedro River from the east 

side.  Hot Springs Wash becomes unconfined upon exiting Hot Springs Canyon to 

the north.  Unconfined flow has resulted in deposition of a broad fan at the mouth 

of the canyon.  Since the deposition of this tributary fan, the San Pedro River has 

incised and Hot Springs Wash has incised as well to the new base level, eroding 

through its own fan and Holocene San Pedro River floodplain deposits.  

Exposures of the relationship between these sedimentary packages are visible 

along outside erosional bends of Hot Springs Wash.  The poorly sorted sand and 

gravel in the upper half of the exposure is interpreted as tributary Hot Springs 

Wash alluvium. The well sorted fine sandy to silty deposits overlain by the 

tributary alluvium is interpreted as San Pedro River floodplain deposits. The 

deposition and erosion cycle between Hot Springs Wash and the San Pedro River 

evident in the modern landscape is indicative of these same processes in the past. 

Holocene river alluvium is exposed in the banks of Hot Springs Wash up to 350 

feet outside the boundary depicted on AZGS 2009 surficial geologic maps. 

Application of the geology and geomorphology tools described in Section 2.3 allowed 

for delineation of FHA along most of the reach, particularly north of river mile 72.  Between 

river miles 82 and 72 on both sides of the river, 70 and 67 on the east side, and 66 to 64 on the 

west side, the delineation of FHA was completed by review of the site investigations listed 

above, photo-imagery and riparian vegetation patterns.  In areas having more crenulated scarps, 

the delineation is mostly tangent to the more-inward scarped exposures while providing 

continuity of FHA.  A mapped pre-Holocene exposure is encapsulated within the delineation of 

FHA in the area of river mile 78. 

 

2.4.6 Lower Valley Reach 2 (River Miles 59-57.5) 
Mapped surface exposures of Holocene river alluvium cover nearly all of the inner valley 

within the mile and a half long reach between river mile 59 and river mile 57.5, which is mostly 

bedrock-lined (“Lower Valley Reach 2”).  Most of the length of the reach has mapped contacts 

between surface exposures of Holocene river alluvium or the HCAF and pre-Holocene bounding 

topography.  In nearly all locations, the Holocene margin of the floodplain is narrow and 
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comprised of temporary young deposits derived from adjacent hillslopes immediately upslope 

from the river floodplain. 

Application of the geology and geomorphology tools described in Section 2.3 allowed 

for delineation of the FHA along nearly the entire length of the reach.  The delineation of FHA 

was completed by review of photo-imagery and riparian vegetation patterns, while providing 

continuity of FHA. 

 

2.4.7 Lower Valley Reach 3 (River Miles 57.5-0) 
 The last 57.5-mile long reach of the San Pedro River to its confluence with the Gila River 

between river mile 57.5 and river mile 0 is characterized by relatively linear scarps cut into pre-

Holocene bounding topography (“Lower Valley Reach 3”).  Mapped surface exposures of 

Holocene river alluvium cover much of the inner valley.  Lateral river erosion, eroding side-to-

side across the inner valley, is the dominant process at work and deviations in linearity of the 

bounding topography is due to variations in lateral river erosion, and the length of time since the 

river eroded laterally at that particular place.  Late Pleistocene river terrace bounding topography 

is mapped in many locations.  The Holocene tributary apron is sometimes narrow and 

geologically ephemeral having young deposits derived from geologic units immediately upslope 

from the river floodplain.  Where tributaries join the river, dynamic alluvial fan depositional 

environments exist and the river periodically erodes laterally against the older units that bound 

the inner valley, trimming or removing the local tributary deposits. 

Delineation of the FHA within this reach was ground-verified at one AZGS investigation 

site, which shows exposures of otherwise buried FHA deposits outside of the mapped Holocene 

river alluvium channel: 

• Near river mile 32, James Wash is a 150-foot wide tributary channel where it 

exits tall, well-dissected basin fill bluffs. A broad alluvial fan emanates from 

this drainage and the modern arroyo channel has incised through the tributary 

fan and underlying deposits.  A small fan has been deposited onto historical 

San Pedro River deposits at the mouth of the arroyo.  Local variations in 

dominance of sediment from one source of deposition over the other can be 

explained by meandering of the San Pedro River, floods along James Wash, 

and limited preservation and exposure of depositional relationships.  Large 
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pebbles and cobbles exposed in James Wash deposits exhibit cross-bedding 

and lie in erosional contact with underlying San Pedro deposits, indicating the 

coarser sediment was deposited by high energy flow, possibly during a flood 

event in the tributary channel.  The fine-grained well-sorted composition of 

the lower deposit indicates steady, lower energy deposition such as that of a 

river floodplain or low energy channel.  Similar fine grained deposits are 

encountered in Holocene to historical San Pedro River deposits to the west.  

Holocene river alluvium is exposed in channel walls up to 600 feet outside 

mapped boundaries of Holocene River alluvium on AZGS surficial geologic 

maps. 

Application of the geology and geomorphology tools described in Section 2.3 allowed 

for delineation of the FHA along the vast majority of the reach.  The delineation of FHA in other 

areas of the reach was completed by review of the site investigation listed above, lithology logs 

from 55 soil borings drilled south of river mile 40, photo-imagery, and riparian vegetation 

patterns, while providing continuity of FHA.  Specifically, for embayments in areas of tributaries 

near river miles 57 to 52, 51 to 50, 49, 46 and 41 to 40, the FHA was completed using 

photo-imagery, and riparian vegetation patterns. 

 

 

2.5 BABOCOMARI RIVER FHA 
The lateral extent of FHA of the Babocomari River is presented in three reaches 

stretching 22 river miles from the upstream extent of perennial or intermittent flow as determined 

in the 2009 Subflow Report to the confluence with the San Pedro River.  The uppermost 17 miles 

is treated as a single reach, followed by three miles of bedrock-lined channel and the remaining 

two-mile long reach.  These reaches are depicted on Figure 2.7.   

 

2.5.1 Babocomari Reach 1 (River Miles 22-5) 
 The uppermost 17-mile long reach of the Babocomari River from river mile 22 to river 

mile 5 is characterized by relatively linear scarps cut into pre-Holocene bounding topography 

(“Babocomari Reach 1”).  Mapped surface exposures of Holocene river alluvium cover much of 

the inner valley.  Lateral river erosion, eroding side-to-side across the inner valley, is the 
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dominant process at work.  Late Pleistocene river terrace bounding topography is mapped along 

most of the north side of the river.  The Holocene tributary apron is in places narrow and 

geologically ephemeral having young deposits derived from geologic units immediately upslope 

from the river floodplain.  Where tributaries join the river, dynamic alluvial fan depositional 

environments existing within the river’s inner valley where the river periodically erodes laterally 

against the older units, trimming or removing the local tributary deposits.  Application of the 

geology and geomorphology tools described in Section 2.3 allowed for delineation of the FHA 

along most of the reach.  At the mouths of tributary drainages near river miles 20, 19, 18 and 15, 

the FHA was completed using photo-imagery, and riparian vegetation patterns, while providing 

continuity of FHA.  Small mapped pre-Holocene exposures are encapsulated within the 

delineation of FHA in the area of river miles 20 to 15. 

 

2.5.2 Babocomari Reach 2 (River Miles 5-0) 
Mapped surface exposures of Holocene river alluvium nearly cover the inner valley along 

the bottom five miles of the Babocomari River from river mile 5 to river mile 0 (“Babocomari 

Reach 2”).  Where not covered by surface exposures of FHA, the Holocene tributary apron is 

narrow and geologically ephemeral.  Application of the geology and geomorphology tools 

described in Section 2.3 allowed for delineation of the FHA along nearly all of the reach.    At 

the mouths of tributary drainages near river miles 5 and 1.5, the FHA was completed using 

photo-imagery, and riparian vegetation patterns, while providing continuity of FHA.  A small 

portion of the HCAF mapped as moving a short distance up a tributary drainage was truncated 

and not included in the delineation of FHA. 

 

 

2.6 ARAVAIPA CREEK FHA 
The lateral extent of FHA of Aravaipa Creek is presented in three reaches stretching 37 

river miles from the upstream extent of perennial or intermittent flow as determined in the 2009 

Subflow Report to the confluence with the San Pedro River.  The uppermost 8 miles is followed 

by the 22-mile long Aravaipa Canyon and the remaining seven mile long reach.  These reaches 

are depicted on Figure 2.7.   
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2.6.1 Aravaipa Reach 1 (River Miles 37-29) 
 The upper most eight-mile long reach of Aravaipa Creek from river mile 37 to 

river mile 29 is characterized by crenulated scarps cut into pre-Holocene bounding topography 

(“Aravaipa Reach 1”).   In some locations, particularly on the northeast side of the river, more 

linear scarps are cut into the bounding topography.  It is likely that in the more crenulated areas, 

some of the ridges, spines and knobs exposed at the surface extend farther toward the river in the 

subsurface, and the river may not have actively eroded the bounding topography as far out from 

the valley axis as the existing outcrops.  Application of the geology and geomorphology tools 

described in Section 2.3 allowed for delineation of the FHA at locations near river miles 36, 35, 

34, 33 and 32.  In areas having more crenulated scarps, the FHA was delineated tangent to the 

more-inward scarped exposures while providing continuity of FHA.  The remaining FHA 

delineation at the mouths of tributary drainages between river miles 36 and 35 on the north side, 

35 and 34 on the south side and between 31.5 and 29.5 on both sides were completed with 

information reviewed from photo-imagery and riparian vegetation patterns. 

 

2.6.2 Aravaipa Reach 2 (River Miles 29-7) 
Mapped surface exposures of Holocene river alluvium almost completely cover the inner 

valley along the 22 miles of Aravaipa Canyon from river mile 29 to river mile 7 (“Aravaipa 

Reach 2”).  Where not covered by surface exposures of FHA, the Holocene tributary apron is 

narrow and geologically ephemeral.  Application of the geology and geomorphology tools 

described in Section 2.3 allowed for delineation of the FHA along nearly all of the reach.  At the 

mouths of small tributary drainages near river miles 27, 26 and 20, the FHA was completed 

using photo-imagery, and riparian vegetation patterns, while providing continuity of FHA.  A 

minor correction was made for consistency of the FHA, HCAF and AZGS mapped geology in 

the areas of river mile 12. 
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2.6.3 Aravaipa Reach 3 (River Miles 7-0) 
The lower seven-mile long reach of Aravaipa Creek from river mile 7 to river mile 0 is 

characterized by relatively linear scarps cut into pre-Holocene bounding topography (“Aravaipa 

Reach 3”).  Mapped surface exposures of Holocene river alluvium cover most of the inner 

valley.  Lateral river erosion is the dominant process at work.  The Holocene tributary apron is in 

places narrow and geologically ephemeral having young deposits derived from geologic units 

immediately upslope from the river floodplain.  Alluvial fan depositional environments exist in 

the areas of river miles 4 and 2.  Application of the geology and geomorphology tools described 

in Section 2.3 allowed for delineation of the FHA along most of the reach.  At the mouths of 

tributary drainages near river mile 4.5 on both sides of the creek, and river miles 2 and 1 on the 

north side delineation was completed using photo-imagery, and riparian vegetation patterns, 

while providing continuity of FHA. 
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CHAPTER 3:  DELINEATION OF THE LATERAL EXTENT OF THE 

SUBFLOW ZONE 
 

 

 

 

3.1 INTRODUCTION  

In this chapter, ADWR describes the application of certain setbacks to the delineation of 

FHA as directed by the Adjudication Court in order to delineate the subflow zone for the San 

Pedro River, Babocomari River and Aravaipa Creek.  In Chapter Two of this report, ADWR 

described the delineation of the lateral extent of FHA.   

 

 

3.2 APPLICATION OF SETBACKS 

In the 2012 Order, the Adjudication Court found that the parameters used by ADWR in 

the 2009 Report with respect to use of routine applications of setbacks improperly resulted in 

exclusion of areas within the subflow zone.
1
   The Adjudication Court then provided direction to 

ADWR on the manner in which setbacks should be applied.  The Adjudication Court stated: 

21. Two-hundred (200) foot setbacks assumptions may not be used in 

locations where thin veneers of tributary alluvium overlie the FHA.  Except at the 

mouths of larger ephemeral streams or washes (those with relatively frequent 

surface and underground flow), the setbacks shall be one hundred (100) feet from 

the edge of the FHA.  Setback assumptions shall not be used in bedrock canyons. 

 

22. When a hydraulic connection exists between the underground flow 

associated with tributary and surface flow of the primary watercourse, the 

following adjustments are permitted: 

 

a. Apply 100-foot setbacks everywhere except for large ephemeral streams that 

have relatively frequent surface and underground flow. 

b. Modify the setbacks to include the active river channel. 

c. When setbacks cross or where basin fill is adjacent to the active channel, 

continue the subflow zone using the active channel. 

d. Evaluate disturbed ground based upon the likely underlying geologic unit. 

 

2012 Order  at 4, ¶¶ 21-22. 

                                                 
1
 2012 Order at 3, ¶ 16. 
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The Adjudication Court further held that the delineation of the subflow zone must satisfy the 

following: 

a. result in a continuous zone;  

b. result in a stable geologic feature; 

c. include the entire current active channel of each watercourse; 

d. include the Historical Composite Active Floodplain (1935-2007)
2
 for each 

watercourse; 

e. accurately reflect the full extent of the floodplain Holocene alluvium; and 

f. to the extent possible, interpret judicial pronouncements in a manner 

consistent with scientific fact. 

 

Id. at 5, ¶ 2. 

 

ADWR implemented the Adjudication Court’s direction by first identifying the 

ephemeral drainages that are tributary to the San Pedro River and those that have relatively 

frequent flows.  Figure 3-1 displays the sizes of 517 ephemeral drainages tributary to the San 

Pedro River having areas ranging from 0.02 to 138 square miles, plotted as a cumulative 

frequency curve.  A cumulative frequency curve relates the area sizes to the cumulative 

percentage of the 517 drainages smaller than that size.  As examples, the figure shows that fifty 

percent of tributaries have drainage areas of two square miles and ninety percent are lesser than 

or equal to 20 square miles.  Figure 3-2 plots the same data with arithmetic ordinate values 

(Y-axis) to identify 97.5 percent as the point of maximum curvature.  The point of maximum 

curvatures is a natural break-point in the dataset by which to distinguish larger tributaries 

experiencing, on average, more frequent flows.   

Twelve tributaries comprising the largest 2.5 percent are listed in Table 3-1.  Included in 

the table are the two-year return-period peak flood runoff discharges for each of the tributaries as 

estimated using a regional regression equation for southern Arizona published by the United 

States Geological Survey.
3
  Also included in the table is the median annual flood runoff volume 

recorded for the period of record 1957 through 2011 for Walnut Gulch by the United States 

                                                 
2
 The HCAF is based on aerial photograph from 1935 to 2007.  ADWR understands that the 

HCAF must be included within the delineation of the FHA.  Like other parts of the FHA 

(excluding the active channel) the application of setbacks resulted in some portions of the HCAF 

not being included within the delineated subflow zone. 
3
 Thomas, B.E., Hjalmarson, H.W., and Waltemeyer, S.D., 1997, “Methods for Estimating 

Magnitude and Frequency of Floods in the Southwestern United States: U.S. Geological Survey 

Water-Supply Paper 2433,” 195 p. 
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Department of Agriculture Agricultural Research Service.  Based on area sizes and available 

flood runoff data, these tributaries were determined to satisfy the Adjudication Court’s direction 

regarding application of two-hundred foot setbacks.  ADWR applied setbacks of 200-feet at the 

mouths of these twelve large ephemeral streams where there would be side recharge from a 

tributary aquifer, and 100-foot setbacks at other locations where there would be side recharge 

from basin fill.  However, as directed by the Adjudication Court, ADWR did not apply these 

setbacks to bedrock-lined reaches or where application would result in exclusion of parts of the 

current active channel from the subflow zone.     

 

 

3.3 SUBFLOW ZONE 

After ADWR applied setbacks, ADWR mapped the lateral extent of the subflow zone of 

the San Pedro River, and its two main tributaries, the Babocomari River and Aravaipa Creek.  

The subflow zone maps are included in Appendix C.   

 



 

 

 

 

 

 

TABLES 



 

 

TABLE 3-1.  LARGE EPHEMERAL TRIBUTARY DRAINAGES TO THE SAN PEDRO RIVER1 

 

 
 

1Tributary drainages for which two-hundred (200) foot setbacks were applied to the lateral extents of FHA. 

2Thomas, B.E., Hjalmarson, H.W., and Waltemeyer, S.D., 1997, Methods for estimating magnitude and frequency of floods in the 
southwestern United States: U.S. Geological Survey Water-Supply Paper 2433, 195 p. 

3Data from surface water flume collected at the USDA-ARS monitoring station from 1957 to 2011. 

4 No data. 

EPHEMERAL TRIBUTARY DRAINAGE 
RANK DRAINAGE AREA 

(Square Miles) 

Estimated  
2-YR Flood Frequency 
Peak Discharge (cfs)2 

Measured Median 
Annual Runoff Volume 

(acre-ft)3 Name River Mile 
(East-West) 

Putnam Wash 13 W 1 137.80 1,541 ~4 
Tres Alamos Wash 88 E 2 132.21 1,513 ~ 

Hot Springs Canyon Creek 66 E 3 112.23 1,407 ~ 
Greenbush Draw 150 E 4 84.40 1,237 ~ 

Sacaton Wash 113 W 5 70.05 1,136 ~ 
Paige Creek 66 W 6 65.05 1,098 ~ 

Redfield Canyon Creek 52 E 7 61.33 1,069 ~ 
Walnut Gulch 121 E 8 59.02 1,050 227 

Dragoon Wash 103 E 9 56.81 1,031 ~ 
Buehman Canyon Creek 52 W 10 51.94 989 ~ 

Willow Wash 119 E 11 51.05 981 ~ 
Government Draw 134 E 12 50.15 973 ~ 
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Figure 2-1.  Southeasterly View of the San Pedro River Channel 
Eroding Older Basin-Fill Deposits and Other Distinguishable 

Geomorphic Processes and Sedimentary Features1 
 

 

 

(Imagery Source: Google Earth, 2014.) 

1 Depicted location is at San Pedro River mile marker 86.5, approximately 8 miles north of 

Benson. 

 

Lateral erosion of San Pedro River 
into bounding older basin-fill 

 

Tributary lateral erosion into 
older basin-fill deposits. 

Tributary vertical incision 
into tributary alluvial 

deposits. 

Hill slope erosion of older 
basin-fill deposits. 

Tributary alluvial fan 
truncated by river 

lateral erosion. 

River deposits on the inside of a bend in 
the channel being anchored by vegetation. 

N 
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Point of maximum curvature 
occurs at 97.5% cumulative 
frequency. 

97.5% cumulative frequency area size is approximately 50 square miles. 

April 2014           Figure 3-2 
    Revised Subflow Zone 
          Delineation Report 



 

 

 

 

 

 

APPENDIX A 
 



 

 

 

 

 

 

APPENDIX A-1 
 



Page 1 

 
 

 

 

 
Caution 

As of: Mar 26, 2014 

 

MARICOPA COUNTY MUNICIPAL WATER CONSERVATION DISTRICT 

NUMBER ONE, a Corporation, BEARDSLEY LAND AND INVESTMENT 

COMPANY, a Corporation, and CARL PLEASANT, Appellants, v. SOUTHWEST 

COTTON COMPANY, a Corporation, and VALLEY RANCH COMPANY, a Cor-

poration, Appellees. 

 

Civil No. 2872. 

 

Supreme Court of Arizona 

 

39 Ariz. 65; 4 P.2d 369; 1931 Ariz. LEXIS 168 

 

 

October 22, 1931, Filed.   

 

PRIOR HISTORY:     [***1]  APPEAL from a 

judgment of the Superior Court of the County of Mari-

copa.  Joseph S. Jenckes, Judge.  Judgment reversed 

and cause remanded for new trial.   

 

CASE SUMMARY: 
 

 

PROCEDURAL POSTURE: Plaintiff corporations 

filed an action against defendant municipal water con-

servation district and associated others seeking an in-

junction prohibiting the district from storing and using 

for irrigation certain surface waters of a particular river. 

The Superior Court of the County of Maricopa (Arizona) 

granted the requested injunction, and the district and 

associated others appealed. 

 

OVERVIEW: The district and associated others were 

storing the surface waters of a certain river and using 

them for irrigation purposes. The corporations claimed 

that the storing of the surface waters interfered with their 

right acquired by prior appropriation to use the waters of 

a certain subterranean stream. The court held that the 

corporations were not entitled to injunctive relief. In so 

holding, the court ruled that (1) a right to make beneficial 

use of subterranean streams flowing in definite channels 

could be established by prior appropriation; and (2) geo-

logical theory establishing that a subterranean channel 

likely existed was insufficient to establish that the source 

of water appropriated by the corporations was a subter-

ranean stream flowing in definite channels because it 

was necessary to prove the location of the channel's 

banks. 

 

OUTCOME: The court reversed the judgment granting 

an injunction against the district and remanded the case 

for a new trial. 

 

LexisNexis(R) Headnotes 
 

 

 

Governments > State & Territorial Governments > 

General Overview 
[HN1] In the absence of affirmative action by the United 

States or its agencies, the territory, and afterwards the 

state, of Arizona, the law existing in Arizona at the time 

of its acquisition from the Republic of Mexico is pre-

sumed to continue unchanged. 

 

 

Constitutional Law > Bill of Rights > General Overview 

Governments > State & Territorial Governments > Wa-

ter Rights 
[HN2] All streams, lakes, and ponds of water capable of 

being used for the purposes of navigation or irrigation, 
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39 Ariz. 65, *; 4 P.2d 369, **; 

1931 Ariz. LEXIS 168, *** 

are hereby declared to be public property; and no indi-

vidual or corporation shall have the right to appropriate 

them exclusively to their own private use, except under 

such equitable regulations and restrictions as the legisla-

ture shall provide for that purpose. Howell's Code, Bill of 

Rights art. XXII. 

 

 

Constitutional Law > Bill of Rights > General Overview 

Governments > State & Territorial Governments > Wa-

ter Rights 
[HN3] All rivers, creeks, and streams of running water in 

the Territory of Arizona are hereby declared public, and 

applicable to the purposes of irrigation and mining, as 

hereinafter provided. All rights in acequias, or irrigating 

canals, heretofore established shall not be disturbed, nor 

shall the course of such acequias be changed without the 

consent of the proprietors of such established rights. All 

the inhabitants of this territory, who own or possess ara-

ble and irrigable lands, shall have the right to construct 

public or private acequias, and obtain the necessary wa-

ter for the same from any convenient river, creek, or 

stream of running water. Howell's Code ch. 55, §§ 1-3. 

 

 

Constitutional Law > Bill of Rights > Fundamental 

Rights > General Overview 

Governments > Courts > Common Law 

Governments > State & Territorial Governments > 

General Overview 
[HN4] The common law of England, so far as it is not 

repugnant to, or inconsistent with, the Constitution and 

laws of the United States, or the bill of rights or laws of 

this territory, is hereby adopted, and shall be the rule of 

decision in all the courts of the territory. 

 

 

Business & Corporate Law > Corporations > For-

mation > Corporate Existence, Powers & Purpose > 

General Overview 

Governments > State & Territorial Governments > Wa-

ter Rights 
[HN5] Any person or persons, company or corporation 

shall have the right to appropriate any of the unappropri-

ated waters or the surplus or flood waters in this territory 

for delivery to consumers, rental, milling, irrigation, 

mechanical, domestic, stock or any other beneficial pur-

pose, and such person or persons, company or corpora-

tion for the purpose of making such appropriation of 

waters as herein specified, shall have the right to con-

struct and maintain reservoirs, dams, canals, ditches, 

flumes and any and all other necessary water ways. And 

the person or persons, company or corporation first ap-

propriating water for the purposes herein mentioned shall 

always have the better right to the same. Every person or 

persons, company or corporation, who shall desire to 

appropriate any of the waters of this territory for the uses 

and purposes mentioned in § 1 of this act shall first post 

at the place of diversion on the stream or streams as the 

case may be, a notice of his, their or its appropriation of 

the amount of water by it or them appropriated. 1893 

Ariz. Sess. Laws ch. 86 §§ 1-2. 

 

 

Governments > State & Territorial Governments > Wa-

ter Rights 

Real Property Law > Water Rights > Riparian Rights 
[HN6] See Ariz. Const. art. XVII, §§ 1-2. 

 

 

Governments > State & Territorial Governments > Wa-

ter Rights 

Real Property Law > Water Rights > Beneficial Use 
[HN7] The water of all natural streams, or flowing in any 

canyon, ravine or other natural channel, or in definite 

underground channel, and of springs and lakes, belongs 

to the public, and is subject to beneficial use as herein 

provided. 1919 Ariz. Sess. Laws ch. 164 § 1. 

 

 

Governments > State & Territorial Governments > Wa-

ter Rights 

Real Property Law > Water Rights > Beneficial Use 
[HN8] The water of all sources, flowing in streams, 

canyons, ravines or other natural channels, or in definite 

underground channels, whether perennial or intermittent, 

flood, waste or surplus water, and of lakes, ponds and 

springs on the surface, belongs to the public, and is sub-

ject to appropriation and beneficial use, as herein pro-

vided. Beneficial use shall be the basis, measure and 

limit to the use of water. Ariz. Rev. Code of 1928 § 

3280. 

 

 

Governments > State & Territorial Governments > Wa-

ter Rights 
[HN9] Waters percolating generally through the soil are 

the property of the owner, but subterranean streams, 

flowing in natural channels between well-defined banks, 

are subject to appropriation under the same rule as sur-

face streams. 

 

 

Civil Procedure > Judicial Officers > Judges > General 

Overview 

Civil Procedure > Appeals > Standards of Review > 

Substantial Evidence > General Overview 
[HN10] Where there is a reasonable conflict in the evi-

dence as to the existence of a fact, a reviewing court is 

bound by the decision of the trial judge on that point. It is 
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only where no reasonable man from the evidence could 

have reached such conclusion that the reviewing court 

may set aside the decision as to the facts. This rule, 

however, does not apply to conclusions of law. The latter 

are always reviewable in the appellate court, and, indeed, 

that is its purpose. 

 

 

Evidence > Procedural Considerations > Burdens of 

Proof > Clear & Convincing Proof 

Governments > State & Territorial Governments > Wa-

ter Rights 
[HN11] The presumption is that underground waters are 

percolating in their nature. He who asserts that they are 

not must prove his assertion affirmatively by clear and 

convincing evidence. 

 

 

Governments > State & Territorial Governments > Wa-

ter Rights 
[HN12] The essential characteristics of a watercourse are 

a channel, consisting of a well-defined bed and banks, 

and a current of water. Without all these characteristics 

there can be no watercourse. The bed of a stream may be 

defined as that portion of the channel of a watercourse 

which carries the waters at their ordinary stage. In ex-

tremely high water the bed may be much more than 

submerged; at other times it may not even be covered, 

but by close examination of the bed and banks of a natu-

ral watercourse one may readily distinguish the exact 

line of demarcation between them. The banks of a wa-

tercourse are the elevations of land which confine the 

waters to their natural channel when they rise to the 

highest point at which they are confined to a definite 

course and channel. The third element necessary to a 

watercourse is not only water from a definite source of 

supply, but it must be running water, though it need not 

run continuously. 

 

 

Governments > State & Territorial Governments > Wa-

ter Rights 
[HN13] The element of a current is one of the controlling 

distinctions between a river or stream, and a pond or 

lake. In the former case the water has a natural motion or 

current, while in the latter the water is in its ordinary 

state substantially at rest, with its surface perpendicular 

to a radius of the earth. The exit of a lake is a river or 

stream, having a current, but the lake itself has substan-

tially none. These characteristics are necessary to consti-

tute a river, creek or stream on the surface, and subterra-

nean waters, to come within the same classification, must 

have substantially like characteristics with surface water. 

 

 

Governments > State & Territorial Governments > Wa-

ter Rights 
[HN14] While surface indications such as trees, shrubs, 

bushes and grasses growing along the course and the 

topographical features of the surface are the simplest and 

surest methods of proof that an alleged subterranean 

stream has definite banks, a bed and a current, they are 

by no means exclusive. Other methods may be used, 

such as a series of wells or borings, tunnels, the color and 

character of the water, the sound of water passing un-

derneath the earth, the interruption of the flowing of oth-

er wells on the line of the alleged subterranean stream, 

and perhaps others. But all of these, when examined, 

must be such as to afford clear and convincing proof to 

the satisfaction of a reasonable man, not only that there 

are subterranean waters, but that such waters have a def-

inite bed, banks and current within the ordinary meaning 

of the terms, and the evidence must establish with rea-

sonable certainty the location of such bed and banks. 

There must be certainty of location as well as of exist-

ence of the stream before it is subject to appropriation. 

 

 

Governments > State & Territorial Governments > Wa-

ter Rights 
[HN15] The underflow, subflow or undercurrent, as it is 

variously called, of a surface stream may be defined as 

those waters which slowly find their way through the 

sand and gravel constituting the bed of the stream, or the 

lands under or immediately adjacent to the stream, and 

are themselves a part of the surface stream. 

 

 

Governments > State & Territorial Governments > Wa-

ter Rights 
[HN16] The best test which can be applied to determine 

whether underground waters are as a matter of fact and 

law part of the surface stream is that there cannot be any 

abstraction of the water of the underflow without ab-

stracting a corresponding amount from the surface 

stream, for the reason that the water from the surface 

stream must necessarily fill the loose, porous material of 

its bed to the point of complete saturation before there 

can be any surface flow. Therefore the river bed must 

continue holding sufficient water to support the surface 

stream, as it were, for otherwise in drawing on the un-

derground flow of the stream it will necessarily draw 

upon the waters flowing on the surface. 

 

 

Governments > State & Territorial Governments > Wa-

ter Rights 

Real Property Law > Water Rights > Appropriation 

Rights 

Real Property Law > Water Rights > Beneficial Use 
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[HN17] Under the doctrine of prior appropriation, an 

appropriator is required, after his rights have been initi-

ated in accordance with the law in existence at the par-

ticular time and locality, to exercise reasonable diligence 

in every step required to make his appropriation com-

plete, by the actual application of the water to a benefi-

cial use, for until he does this his rights are inchoate. 

When the water is finally so applied, his perfected rights 

relate back to the initiation of the appropriation. If how-

ever, he fails to use reasonable diligence, his rights 

commence only as of the time of actual application of the 

water. 
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OPINION BY: LOCKWOOD  

 

OPINION 

 [*70]   [**372]  LOCKWOOD, J. Southwest 

Cotton Company, a corporation, and Valley Ranch 

Company, a corporation,  [*71]  hereinafter called 

plaintiffs, brought suit against Maricopa County Munic-

ipal Water Conservation District No. 1, a corporation, 

Beardsley Land & Investment Company, a corporation, 

and Carl Pleasant, hereinafter called defendants, for the 

purpose of enjoining the latter from storing and using for 

irrigation certain surface waters of the Agua Fria River. 

A judgment was finally rendered, granting an injunction 

upon certain terms set forth therein, and from said judg-

ment this appeal has been taken. 

The case is one of the most important which has ev-

er come before this court, involving as [***2]  it does 

not only property interests of the value of many millions 

of dollars, but also a declaration of legal principles which 

will in all probability determine and govern to a great 

extent the course of future agricultural development 

within the arid regions of Arizona.  The real question 

involved is the law applicable to the relative rights to the 

ownership and use of the subterranean waters of the state 

as against those of the surface waters. We have discussed 

certain phases of this question in previous cases, but 

have never made a complete statement of the principles 

applying thereto, for the reason that theretofore the de-

velopment of the subterranean waters has been of com-

paratively minor importance.  We think, however, this 

case is proof that the time has come when it is necessary 

for the protection and guidance of future agricultural 

development in the state that these principles should be 

enunciated as clearly and definitely as possible, so that 

our citizens may know how to guide their future proce-

dure.  For this reason we treat the matter as though it 

were of first impression in all respects, not only consid-

ering the new issues which have arisen, but reconsidering 

and redetermining [***3]  the old ones upon which we 

have heretofore expressed an opinion.  The case has 

been most carefully [*72]  and exhaustively briefed by 

counsel so that we feel every possible angle and every 

authority bearing thereon has been called to our atten-

tion.  We have considered every point raised and exam-

ined every case cited, and, if we have not mentioned and 

discussed them all, it is because, in view of the conclu-

sions we have reached, it is unnecessary, and would ex-

tend this opinion to unreasonable length. 

The area which is now the state of Arizona was ac-

quired from the Republic of Mexico in 1848 and 1853.  

At the time the United States succeeded to the sover-

eignty which was previously held by Mexico, with the 

same right to alter or amend the existing laws, or estab-

lish new ones, as that previously held by the latter.  , 

affirmed , 29 Supp. Ct. Rep. 493; . On the other hand, 

[HN1] in the absence of affirmative action by the United 

States or its agencies, the territory, and afterwards the 

state, of Arizona, the law existing in Arizona [***4]  at 

the time of its acquisition is presumed to continue un-

changed.  ; . What, then, was the existing law in Arizona 

at the time of its acquisition by the United States, in re-

gard to the ownership and use of water, surface and sub-

terranean alike? 

There are two great systems of law recognized in 

Western civilization: The common law, pertaining par-

ticularly to the English-speaking countries, and the civil 

law, which is found principally in those nations where 

the influence of the old Roman law from which it comes 

is, and has been, the strongest.  Both of these systems 

distinguish between well-defined natural streams and 

bodies of water on the one hand, and subterranean, per-

colating waters on the other.  So far as the second are 

concerned, the principle [*73]  governing them was, 

originally at least, the same under both systems.  All 

rights to subterranean waters not flowing in definite, 

known channels belonged to the owners of the soil.  

Dig. 39, title 3, §§ 1, 12, 21; Code 3, title 34, §§ 4, 6; 

Acton v. Blundell, 12 Mees. & W. 324, 152 Eng. Reprint, 

1223. But, as far as other waters were concerned, while 

[***5]  both laws recognize that the title to the corpus 

of running water could not be acquired by any individual 

so long as it was in its natural channel, the common law 

adopted as governing the use of such waters what is 

known as the doctrine of riparian rights, the fundamental 

principle of which was that the water could be used by 
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riparian proprietors alone, and by them only in such a 

manner, aside from strictly domestic purposes, as not to 

diminish or alter the course or quantity of the waters of 

the stream to the deprivation or injury of the other ripar-

ian proprietors.  , 12 Moore, 131.  Navigable waters 

were, under the common law, considered as under the 

exclusive control of the government, in trust for the gen-

eral public, so far as the rights of navigation, etc., were 

concerned, but were otherwise subject to the usual ripar-

ian rights of owners of adjoining lands. 

The Roman law, while in many respects accepting 

the same rules as to riparian rights as the common law, 

also recognized the acquisition, through prescription, 

deed or  [**373]  through a grant from the government, 

of a right to divert the waters of both navigable and 

non-navigable [***6]  streams by either riparian or 

non-riparian proprietors.  Code 3, title 34, § 7; Code 11, 

title 42, § 4; Dig. 8, title 3, § 2, 1 and 2; Dig. 43, title 13, 

§§ 1-3.  Dig. 43, title 20, §§ 1, 40-42.  The sole re-

striction was that, if the stream were originally naviga-

ble, such navigability could not be destroyed by the di-

version.  Dig. 39, title 3, § 10, 2.  

 [*74]  These principles of the Roman law were 

followed in Spain for many centuries, though in "Las 

Siete Partidas," the famous Spanish Code, formulated 

about 1256, only the rule applying to percolating subter-

ranean water was specifically discussed, and Spanish 

water law, as modified from time to time, was brought to 

Mexico, when it was first settled by the Spaniards.  Its 

principles, as modified by local custom and statute, have 

been exhaustively discussed by the Supreme Court of 

California in the famous case of , and it would be a work 

of supererogation for us to attempt to add anything 

thereto.  The conclusions of that court regarding rights 

to the use of nonpercolating waters, as they existed at the 

time of the acquisition of the Western territories by the 

United States, may be summed up as follows:  [***7]   

"It would seem to be in the power of the sovereign 

(except so far as the power is limited by the constitution 

of government) to authorize such diversions as shall in-

terfere with navigation. . . . 

"The waters of innavigable rivers, while they con-

tinued such, were subject to the common use of all who 

could legally gain access to them for purposes necessary 

to the support of life, but the Mexican government pos-

sessed the power of retaining the waters in their natural 

channel, or of conceding the exclusive use of portions of 

them to individuals or corporations, upon such terms and 

conditions, and with such limitations, as it saw fit to es-

tablish by law." 

These conclusions, so far as they pertain to 

non-navigable streams, were referred to and quoted ap-

provingly by the Supreme Court of the territory of Ari-

zona in the case of , and in reason we think those refer-

ring to navigable waters are equally correct.  It appears, 

then, beyond doubt that the doctrine of prior appropria-

tion was entirely unknown to the common [*75]  law, 

and under the Mexican law arose only as a result of a 

grant from the government. 1 Kinney on Irrigation,  

[***8]  2d ed., p. 1044.  How, then, did it become a 

part of the law of Arizona? 

When the territory of Arizona, which formerly was 

part of the state of Sonora, Mexico, was first organized, 

the right of appropriation of surface streams for irrigation 

purposes was to some extent permitted by local custom 

as well as by express grant.  So far as percolating waters 

are concerned, there is nothing to show that a right of 

appropriation of these was ever exercised or claimed to 

exist as a matter of custom in Arizona or Sonora before 

its acquisition by the United States, and the only rules 

specifically touching upon subterranean waters were the 

principles laid down in Las Siete Partidas to the effect 

that the owner of the land owned them to the extent that 

he could draw them from his land at will, even though by 

so doing it cut off the subterranean supply previously 

used by other land owners, with the exception that the 

government could by grant authorize the appropriation of 

even these waters, if they ran in definite channels. Par-

tidas 3, Tit. 32, § 19; Nov. Recopilacion, Tit. 3; Tit. 11, 

Lib. 7, Law 27, § 48. 

We conclude, therefore, that at the time the territory 

of Arizona was acquired from [***9]  Mexico the gov-

ernment of the United States, and its agent, the govern-

ment of Arizona, had the right to dispose of and regulate 

the use of all waters of every nature, both surface and 

subterranean, in the dual capacity as sovereign and as 

proprietor of the public domain, unhampered by any 

rules of either the civil or the common law, or by any 

previous general custom which had theretofore existed, 

subject only to such vested rights to the use of specific 

waters as had been acquired, either formally from the 

Mexican government or impliedly as a result of local 

custom, and to [*76]  the right of use of all percolating, 

subterranean waters underlying lands then in private 

hands by the owners of such lands. 

The matter was called to the attention of the first 

legislature of the territory of Arizona by Governor 

Goodwin, in the following language: 

"You may also deem it advisable at this time, before 

rights become vested, to adopt a permanent policy as to 

the use of water for agricultural as well as mining pur-

poses.  Where water is scarce and valuable it is im-

portant to provide against monopolies, and that it should 

be used as much as possible for the common good." 

The legislature [***10]  responded by adopting ar-

ticle 22 of the Bill of Rights, which reads as follows: 
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[HN2] "All streams, lakes, and ponds of water capa-

ble of being used for the purposes of navigation or irriga-

tion, are hereby declared to be public property; and no 

individual or corporation shall have the right to appro-

priate them exclusively to their own private use, except 

under such equitable regulations and restrictions as the 

Legislature shall provide for that purpose." 

In pursuance of this article the same legislature, at 

the same session, inserted in chapter 55 of Howell's Code 

the following provision: 

[HN3] "Section 1. All rivers, creeks and streams of 

running water in the Territory of Arizona are hereby de-

clared public, and applicable  [**374]  to the purposes 

of irrigation and mining, as hereinafter provided. 

"Sec. 2 All rights in acequias, or irrigating canals, 

heretofore established shall not be disturbed, nor shall 

the course of such acequias be changed without the con-

sent of the proprietors of such established rights. 

"Sec. 3. All the inhabitants of this Territory, who 

own or possess arable and irrigable lands, shall have the 

right to construct public or private acequias, and obtain 

the necessary [***11]  water for the same from [*77]  

any convenient river, creek or stream of running water." 

What is the effect of the Bill of Rights and these 

sections of Howell's Code on the use of water in Arizo-

na? 

Bearing in mind the language in the message of 

Governor Goodwin above quoted, and the fact that the 

Bill of Rights and Code were adopted by the same legis-

lature, at the same session, we are of the opinion there 

can be no possible doubt the legislature had in mind the 

conflicting rules of the common law and the doctrine of 

prior appropriation, and intended to and did declare the 

fundamental principles which should govern the use of 

water in Arizona for the future.  This declaration 

amounted to a statutory repudiation of the doctrine of 

riparian rights and an establishment of the so-called doc-

trine of prior appropriation as suited to the conditions 

prevailing in Arizona, so far as the waters named in the 

Bill of Rights are concerned, and this has been repeated-

ly and distinctly held by this court consistently for many 

years.  ; ;  affirmed . 

To what waters was this doctrine applied? 

In determining the meaning of words used in a stat-

utory or constitutional provision, we must take into con-

sideration the surrounding circumstances at the time 

when they were used, and they should be given a defini-

tion consonant with ideas then prevailing, rather than a 

technical meaning which may have attached to them 

perhaps a generation or more after they were first used.  

Article 22, supra, was adopted in 1864.  At that time 

there was little, if any, knowledge in regard to subterra-

nean waters, though it was [*78]  recognized that there 

were occasional cases in which these waters might be 

"rivers, lakes or ponds," in the same sense as those of 

that character above ground.  Generally speaking, how-

ever, they were presumed to be percolating in their na-

ture.  It is unreasonable to attribute to the legislature in 

1864 a purpose to use nontechnical language to express 

an idea which would not be anticipated by the men who 

were to be governed in their actions by that language; 

and to assume that in the use of the words "rivers, creeks 

or streams" and "rivers,  [***13]  lakes or ponds" it 

intended to include something which by the common 

understanding was given an entirely different classifica-

tion would be absurd.  We hold, therefore, that article 22 

of the Bill of Rights applies only to surface rivers, lakes 

and ponds, as the words are ordinarily understood, and to 

subterranean waters of a similar character, and that its 

effect was to establish the doctrine of prior appropriation 

for such waters, and for them only, leaving percolating 

subterranean waters of all kinds untouched thereby.  

What, then, was the status of the latter? 

In the same Code in which the Bill of Rights and the 

provision of the statute regulating the method of appro-

priation of certain waters described in the former were 

adopted, the legislature provided as follows: 

[HN4] "The common law of England, so far as it is 

not repugnant to, or inconsistent with, the constitution 

and laws of the United States, or the bill of rights or laws 

of this Territory, is hereby adopted, and shall be the rule 

of decision in all the courts of this Territory." 

It cannot be contended a specific right to appropriate 

percolating waters was given by the clause adopting the 

common law, as above quoted, since [***14]  no princi-

ple found in that law as it existed in England has ever 

been imagined to adopt affirmatively the doctrine of pri-

or appropriation. Obviously, then, the [*79]  Howell 

Code left percolating subterranean waters as the property 

of the owner of the land, subject to the rules of the com-

mon law. We therefore should always remember, in dis-

cussing the law of prior appropriation as it now exists in 

Arizona, that, regardless of previous custom, its binding 

authority as general law and a declaration of the field 

which it covers is primarily statutory, so that many ques-

tions which in other jurisdictions have been determined 

as matters of judicial construction based on necessity, 

reason, analogy and convenience, with us merely involve 

an interpretation of the language of our statutes, using 

the ordinary statutory canons.  For this reason many of 

the decisions from other states, based as they are on the 

necessity of supplying the lack of a statute on the subject, 

or on some peculiar local legislation, are not in point.  . 
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But, it is suggested, even if this be true, the rule 

above set forth regarding what waters [***15]  are sub-

ject to appropriation has been changed since by statute.  

The first change of moment in the language of the stat-

utes referring to irrigation is found in Chapter 86, Ses-

sion Laws of 1893, which reads as follows: 

[HN5] "Section 1. That any person or persons, 

company or corporation shall have the right to appropri-

ate any of the unappropriated waters or the surplus or 

flood waters in this Territory for delivery to consumers, 

rental, milling, irrigation, mechanical, domestic, stock  

[**375]  or any other beneficial purpose, and such per-

son or persons, company or corporation for the purpose 

of making such appropriation of waters as herein speci-

fied, shall have the right to construct and maintain reser-

voirs, dams, canals, ditches, flumes and any and all other 

necessary water ways.  And the person or persons, 

company or corporation first appropriating water for the 

purposes herein mentioned shall always have the better 

right to the same. 

"Sec. 2. Every person or persons, company or cor-

poration, who shall desire to appropriate any of [*80]  

the waters of this Territory for the uses and purposes 

mentioned in Section 1 of this Act shall first post at the 

place of diversion on the stream [***16]  or streams as 

the case may be, a notice of his, their or its appropriation 

of the amount of water by it or them appropriated. . . ." 

In 1912 Arizona became a state.  Its constitutional 

provisions regarding water read as follows: 

[HN6] "Section 1. The common law doctrine of ri-

parian water rights shall not obtain or be of any force or 

effect in the State. 

"Section 2. All existing rights to the use of any of 

the water in the State for all useful or beneficial purposes 

are hereby recognized and confirmed." (See article 17, 

Ariz. Const.) 

In 1919, chapter 164, commonly known as the Wa-

ter Code, was adopted.  Section 1 of that Code reads as 

follows: 

[HN7] "The water of all natural streams, or flowing 

in any canyon, ravine or other natural channel, or in def-

inite underground channel, and of springs and lakes, be-

longs to the public, and is subject to beneficial use as 

herein provided. . . ." 

And section 3280, Revised Code of 1928, the latest 

declaration on the subject, is in the following language: 

[HN8] "The water of all sources, flowing in streams, 

canyons, ravines or other natural channels, or in definite 

underground channels, whether perennial or intermittent, 

flood, waste or surplus water, and of [***17]  lakes, 

ponds and springs on the surface, belongs to the public, 

and is subject to appropriation and beneficial use, as 

herein provided.  Beneficial use shall be the basis, 

measure and limit to the use of water. . . ." 

Reading these successive enactments, we think it is 

clear the legislature has never specifically made perco-

lating waters subject to appropriation, and, if we apply 

the usual rule of "expression unius," has very carefully 

excluded them therefrom.  

 [*81]  But, it may be said, when the legislature 

enacted paragraph 2935 of the Civil Code in 1887 in the 

following language: "The common law of England so far 

only as it is consistent with and adapted to the natural 

and physical condition of this territory, and the necessi-

ties of the people thereof, and not repugnant to, or incon-

sistent with the constitution of the United States, or bill 

of rights, or laws of this territory, or established customs 

of the people of this territory, is hereby adopted and shall 

be the rule of decision in all the courts of this territory," 

it in effect abrogated the previously existing com-

mon-law rule in regard to percolating waters, making 

them subject to appropriation by virtue of the [***18]  

language "so far only as it is consistent with and adapted 

to the natural and physical condition of this territory. . . 

." Had the legislature never considered the question of 

water law specifically, or had it, after such consideration, 

confined itself to a mere adoption of the common law, 

either in the language of the Howell Code or the 

amendment of 1887, we might perhaps, like the courts of 

many of the western states in such a situation, in order to 

establish a system of law which we thought suitable to 

local conditions, have evolved a new common law from 

the stern school of necessity, and applied the law of prior 

appropriation to percolating waters. 

It is true that the common law is not in its nature and 

character an absolute, fixed, and inflexible system; it is 

rather a system of general juridical truths, founded on 

reason, natural justice, and enlightened public policy, 

which are conditionally explained with the progress of 

society, and which adapt themselves to the gradual 

changes of that society and the conditions, exigencies, 

and usages of the country.  It is never entirely stationary, 

but is modified and extended by analogous construction 

and custom so as [*82]  to embrace [***19]  new rela-

tions springing up from time to time from an ameliora-

tion or change of society, or different physical conditions 

arising in the countries to which it is to be applied.  

Should it ever become so crystallized that its expressions 

must take the same form, irrespective of physical, social 

or other conditions, peculiar to the locality or the charac-

ter and habits of the people, it would cease to be the 

common law, and become a rigid and arbitrary code.  

And we think, as suggested by the Supreme Court of the 

United States in , the doctrine of liberal interpretation set 

forth in paragraph 2935, supra, was equally implied in 
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the Howell Code.  But no judicial interpretation of the 

common law can ever prevail against an explicit declara-

tion of public policy made by the legislature when acting 

within its jurisdiction.  This declaration we have seen 

was made in the Bill of Rights and the Howell Code, and 

it has never been changed in substance up to the present. 

In 1904, and after the adoption of Chapter 86, Ses-

sion Laws of 1893, supra, and of paragraph 2935, supra, 

the question of the right to appropriate subterranean 

[***20]  waters was before us in the case of ; , 26 Sup. 

Act. Rep. 195, and therein we held that [HN9] waters 

percolating generally through the soil are the property of 

the owner, but that  [**376]  subterranean streams, 

flowing in natural channels between well-defined banks, 

are subject to appropriation under the same rule as sur-

face streams. We reaffirmed that holding in the case of . 

It is urged by appellee that the statement to that ef-

fect in , was but dicta, and not binding upon this court, 

for the reason that it was based on an agreement of the 

parties to the [*83]  effect that as a matter of law perco-

lating waters were not subject to appropriation. Whether 

such statement was, strictly speaking, dicta or not, it has 

been accepted as the law of this jurisdiction for so long, 

and so many rights have been based on it, that only the 

clearest showing that the rule declared was error would 

justify us in departing from it.  Since the legislative 

branch of the government in the twenty-five years which 

have elapsed since the [***21]  decision in the above 

case has not seen fit to contradict this interpretation of 

the law, but rather has confirmed it, we may reasonably 

assume we correctly stated its meaning. 

We have read and carefully considered the various 

cases on this subject cited by counsel for appellee, such 

as ; ; , Ann. Cas. 1917C 99, , and others following the 

rules laid down therein.  For the reason above stated, to 

wit, that our first legislature, having the entire subject 

brought to its consideration in 1864, and being then prac-

tically unhampered by vested rights, made a complete 

determination of just which waters the doctrine of prior 

appropriation should be applied to, we decline to follow 

those cases in so far as they may be in conflict with the 

principles adopted by our legislative authorities and 

above stated by us. 

Whether percolating waters in Arizona since the 

adoption of the Howell Code have been governed by the 

old English common law in its strictest form, or by the 

American modification known as the rule of correlative 

[***22]  rights, as explained and defined in , and the 

cases which follow it, based on the doctrine of sic utere 

tuo [*84]  ut alienum non laedas, we need not now de-

cide.  When the matter is properly before us, we will 

determine the rule which applies. 

After carefully reconsidering the statutes from 1864 

to the present time, our previous decisions, and the vari-

ous reasons upon which they were based, we are of the 

opinion that our holding in , that percolating subterrane-

an waters were not subject to appropriation, was and still 

is the law of Arizona. 

But, while plaintiffs urge most ably and strenuously 

that percolating waters are subject to appropriation, and 

for that reason their rights are superior to those of de-

fendants, no matter what the character of the waters used 

by them, they by no means admit that these waters are 

percolating in their nature, but insist that they are, on the 

contrary, subterranean waters running in channels with 

well-defined and known banks, and therefore of the class 

of waters admittedly subject to appropriation under the 

law [***23]  of Arizona.  And the trial judge obviously 

based his judgment upon this last theory. 

The second question for our determination, there-

fore, is: What is the nature of the waters in question? Are 

they percolating, in any legal meaning of the term, or are 

they found running in well-defined channels, with known 

boundaries?  In discussing this question we, of course, 

accept as axiomatic that, [HN10] where there is a rea-

sonable conflict in the evidence as to the existence of a 

fact, we are bound by the decision of the trial judge on 

that point.  It is only where no reasonable man from the 

evidence could have reached such conclusion that we 

may set aside the decision as to the facts.  This rule, 

however, does not apply to conclusions of law.  The 

latter are always reviewable in the appellate court, and, 

indeed, that is its purpose.  We think the best way to 

proceed [*85]  is to lay down the standards of law which 

the trial judge should have used in the case, and then 

apply them to the evidence as it was presented before 

him. 

In the first place, [HN11] the presumption is that 

underground waters are percolating in their nature.  He 

who asserts that they are not must prove his assertion 

affirmatively [***24]  by clear and convincing evi-

dence.  ; . 

But, when it comes to the nature and quantum of the 

proof which meets this test, the question is one of great 

difficulty. 

According to the great weight of authority [HN12] 

the essential characteristics of a watercourse are a chan-

nel, consisting of a well-defined bed and banks, and a 

current of water. And the best reasoned cases go to the 

extent that without all these characteristics there can be 

no watercourse. ; Angell on Watercourses, 1877, § 4; 1 

Kinney on Irrigation, 2d ed., p. 490.  The bed of a 

stream may be defined as that portion of the channel of a 

watercourse which carries the waters at their ordinary 

stage.  In extremely high water the bed may be much 
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more than submerged; at other times it may not even be 

covered, but by close examination of the bed and banks 

of a natural watercourse one may readily distinguish the 

exact line of demarcation between them.  In all cases it 

is a natural object, and should be sought for, not merely 

by the application of abstract rules, but, like  [**377]  

other natural objects, by the appearance [***25]  it pre-

sents.  The banks of a watercourse are the elevations of 

land which confine the waters to their natural channel 

when they rise to the highest point at which they are con-

fined to a definite course and channel. 1 Kinney on Irri-

gation, 2d ed., pp. 492-494; . Although at times these 

banks may be [*86]  overflowed by flood waters, yet 

they themselves are unchanged, though not necessarily 

unchangeable. 

The third element necessary to a watercourse is not 

only water from a definite source of supply, but it must 

be running water, though it need not run continuously.  

It is not sufficient to constitute a watercourse that there is 

a mere surface drainage over the face of a tract of land 

occasioned by unusual freshets or other extraordinary 

causes.  ; ; . 

[HN13] This element of a current is one of the con-

trolling distinctions between a river or stream, and a 

pond or lake. In the former case the water has a natural 

motion or current, while in the latter the water is in its 

ordinary [***26]  state substantially at rest, with its sur-

face perpendicular to a radius of the earth.  The exit of a 

lake is a river or stream, having a current, but the lake 

itself has substantially none.  These characteristics, we 

think, are necessary to constitute a river, creek or stream 

on the surface, and, as we have said, subterranean waters, 

to come within the same classification, must have sub-

stantially like characteristics with surface water. ; ; 

chapter 164, Session Laws 1919, supra; section 3280, 

supra. 

What, then, is the nature of the proof required to es-

tablish that an alleged subterranean stream has definite 

banks, a bed and a current? 

It is urged by defendants that the only method 

whereby this may be proved is through such indications 

as men of ordinary powers could with reasonable dili-

gence ascertain from an examination of the surface, 

without resort to scientific speculation or surmise, and in 

support thereof they cite such cases [*87]  as ; ; ; . 

[HN14] While surface indications such as trees, shrubs, 

bushes and grasses growing along the course and the 

topographical features of the surface are the simplest and 

surest methods of proof, we think they are by no means 

exclusive.  Other methods may be used, such as a series 

of wells or borings, tunnels, the color and character of 

the water, the sound of water passing underneath the 

earth, the interruption of the flowing of other wells on 

the line of the alleged subterranean stream, geologic 

formation, and perhaps others.  But all of these, when 

examined, must be such as to afford clear and convincing 

proof to the satisfaction of a reasonable man, not only 

that there are subterranean waters, but that such waters 

have a definite bed, banks and current within the ordi-

nary meaning of the terms as above set forth, and the 

evidence must establish with reasonable certainty the 

location of such bed and banks.  It is not sufficient that 

geologic theory or even visible physical facts prove that 

a stream may exist in a certain place, or probably or cer-

tainly does exist somewhere.  [***28]   There must be 

certainty of location as well as of existence of the stream 

before it is subject to appropriation. With these rules of 

law for application to the evidence, let us examine the 

latter and see whether it sustains the findings of ultimate 

facts made by the trial court. 

the vital finding, so far as this phase of the case is 

concerned, reads as follows: 

"At all times there is a surface flow in said river at 

and for a long distance above a point two or three miles 

below Camp Dyer, where it sinks in the bed of the river. . 

. .  

 [*88]  "All of said waters so sinking into and ab-

sorbed by the bed of said river as aforesaid join the sub-

flow of said river and or flow into and through known, 

definite, dependent underground channels extending 

laterally from various points along and beneath the bed 

of said river to and under the lands, wells and pumping 

plants of the plaintiffs, which said known, definite, de-

pendent underground channels run in a general southerly 

direction and have their ultimate outlets in the Gila Riv-

er. All of said known, definite, dependent underground 

channels are interconnected and in contact with and have 

their sources in the Agua Fria River and [***29]  are 

dependent on the discharge of said river at Camp Dyer 

for practically all of their waters. Said known, definite, 

dependent underground channels may hereinafter be 

designated as underground channels of the Agua Fria 

River." (Italics ours.) 

Without this finding the judgment of the trial court, 

so far as it grants a right of appropriation to the waters of 

the wells pumped by plaintiffs, except perhaps a very 

few located in or near the surface channel of the Agua 

Fria River, cannot be sustained.  We consider, therefore, 

the evidence on which the court must have based its 

findings. 

The record in this case is of great length, and we 

have examined it carefully.  We think it unnecessary to 

quote from the evidence, but, taking it in the most fa-

vorable manner on behalf of plaintiffs, as we must do, it 

shows the following ultimate facts: 
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 [**378]  The great central Arizona plain, com-

monly known as the Salt River Valley, in its broadest 

extent stretches, roughly speaking, from the Superstition 

Mountains on the east to the White Tanks on the west, 

from the Salt River Mountains on the south to the Hiero-

glyphic and Cave Creek Mountains on the north, and in 

the center of this area rise the [***30]  Phoenix Moun-

tains, a small isolated mass.  It is approximately a 

maximum of forty miles in width and sixty miles in 

length, and the mountains above referred [*89]  to do 

not surround it completely, but are broken by other large 

valleys, such as the Hassayampa and the Gila, opening 

into it.  A number of surface streams enter it on the 

northern and northeastern sides, the principal ones being 

the Salt, the Verde, and the Agua Fria Rivers. The first 

two naturally flow permanently throughout their entire 

course in the valley, in greater or lesser amounts.  The 

last named, the one whose waters are in controversy in 

this case, is intermittent in its character below the place 

where it debouches from the mountains.  The surface 

waters of all of these streams, if their course is not inter-

rupted, eventually find their way into the Gila, and min-

gle and pursue a southwesterly course to the Colorado 

River, and thence to the Gulf of California.  Underlying 

substantially the entire valley at a depth of from a few 

feet to perhaps a hundred or more is found an immense 

quantity of subterranean water, which extends downward 

into the earth to a great distance.  There is apparently a 

slow but steady [***31]  movement of this entire quan-

tity of water southwesterly until it presumably reaches 

and mingles with the underground waters of the Gila 

Valley. 

So far as surface indications show, there are no un-

derground channels of running water in the sense defined 

above under or near any of the land of plaintiffs except 

directly beneath the surface bed of the Agua Fria River. 

The country is apparently the ordinary Arizona desert, 

with the usual desert growth, furrowed by occasional 

torrential rains.  Practically the only evidence bearing on 

the nature of these underground waters is based on the 

character of the water in various wells in the valley, and 

presumptions drawn from geologic theories.  These the-

ories, if correct, tend to show that ages ago the entire Salt 

River Valley was a vast depression, surrounded by its 

present [*90]  mountain ranges, and that over a period 

of countless years the rivers in question, together with 

other torrential, intermittent streams, have emptied their 

waters into this great basin, carrying down enormous 

quantities of boulders, gravel, sand and other detritus, 

which spread out through the valley in the manner usual 

under such conditions.  The then surface [***32]  

channels of these streams apparently changed from time 

to time, and, as they changed, the character and location 

of the deposits also changed from fine to coarse, and 

back again.  After a length of time which can only be 

estimated in geologic periods, the valley filled to its pre-

sent level, and during historic times has remained sub-

stantially as now.  Whenever, therefore, any of the rivers 

in question carry water enough to flow from the moun-

tains, a great percentage of this water sinks into the more 

or less permeable material with which the valley is filled, 

and, since it slopes in a more or less general direction 

toward the Gila Valley, these waters gradually move in 

that direction.  Since the detritus with which the valley 

is filled is coarser in some places than in others, the ten-

dency of the water is to accumulate in greater quantity 

where the material is coarse than where it is fine, and to 

move more rapidly therein, and these bodies of coarse 

material, with finer presumably above, beneath, and be-

side them, are what are called by plaintiffs subterranean 

watercourses. 

But, admitting this theory to be absolutely correct in 

its deductions, there is not a scintilla of evidence in 

[***33]  the record from which the ordinary man, or 

even the trained scientist, could point out definitely a 

specific place where any one of these so-called subterra-

nean watercourses begins, where it ends, or how far its 

banks extended.  Counsel for plaintiffs contends that the 

true condition of the underground soil and water in the 

present case is very similar to that [*91]  set forth in the 

case of : 

"There can be no doubt but that it was as clearly 

proven under the evidence as such matters can be proven 

that there are underlying a vast territory in the . . . valley 

-- some . . . miles square -- numerous channels created 

by the . . . river through its action in ages past when, in 

the building up and forming of the valley, its waters 

rushed in enormous quantities from the mountains, 

changing from one side of the valley to the other, and 

constantly varying its course in its flow . . .  These old 

channels now lie beneath the surface of the valley at var-

ying depths; channels beside channels, and channels 

crossing and interconnecting with each other, through 

each of which the . . . river once flowed in [***34]  its 

open course, but which are now underground channels 

filled with loose and coarse gravel, through which waters 

still flow, supplied to them through percolations from the 

. . . river, with which these old gravel channels have al-

ways been connected, and that the particular under-

ground channel or gravel stratum from which the well of 

plaintiff is supplied constitutes one of these old channels, 

which is likewise connected with and supplied from the 

waters of . . . river. The intake of all these old channels, 

including that from which the plaintiff derives his water, 

is in the enormous bed of gravel extending several miles. 

. . .   [**379]  Into this vast gravel bed during the win-

ter and spring, when the storm waters gather . . . and 

discharge themselves, . . . there sink into these gravels 

immense quantities of water, in amount limited only by 
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the extent of the rainfall, but in any season of flood ex-

tending largely into hundreds of millions of gallons per 

day. . . .  It is quite clear that these quantities of waters 

sink into the gravels and fill up the various branch chan-

nels underlying the valley, which connect with these 

gravels by the pressure of the storm waters passing over 

[***35]  them, and the supply of these underground 

channels is obtained in no other way; and it is equally 

clear that the intake into these gravel beds and the grav-

eled strata along the [*92]  flow of the river generally is 

in proportion to the height and breadth of the storm wa-

ters passing over them, and the consequent pressure they 

exert to increase the percolation of the waters in the vast 

gravel bed and gravel strata.  That the waters which lie 

in these old branch channels are supplied by the percola-

tion of waters into the gravel beds and strata from the 

storm waters of the . . . river is beyond question from the 

evidence, as it equally appears that the flow of these 

storm waters during the recurring heavy rains is abso-

lutely necessary to sustain the supply of water thereto 

which would otherwise and in a few years be exhausted," 

and that, if we substitute in the appropriate blanks the 

words "Salt River" and "Agua Fria," the parallelism is 

complete. 

But, even if we admit the statement of the facts in 

the case just cited is almost exactly like the facts as the 

evidence shows them to exist herein, as we shall show, 

the very reasoning used by the California Supreme Court 

to sustain its [***36]  judgment demonstrates conclu-

sively that it was based on an interpretation of the doc-

trine of prior appropriation directly opposed to that pre-

vailing in Arizona.  We quote from the opinion as fol-

lows: 

"But, it is insisted by appellants that this rule only 

applies as to correlative rights of different persons own-

ing lands overlying the same plane of percolating waters, 

and does not apply so as to entitle a nonriparian owner, 

although the stratum underlying his land is directly sup-

plied by waters percolating from the stream to prevent 

the diversion of the waters of the stream by an appropri-

ator. The precise question as to the respective rights of an 

appropriator of water to be used beyond the watershed, 

and of one claiming an uninterrupted flow of these wa-

ters to supply, by percolation, a water-bearing stratum 

underneath his land and connected with the stream, has 

not been heretofore presented.  But there are general 

principles of law which have been applied as between 

other appropriators of the stream waters [*93]  and 

claimants to the flow or to the percolating waters of the 

stream which are equally applicable as between the par-

ties to this action.  It is true in this case that [***37]  

the plaintiff is not a riparian owner, but neither does it 

appear, as far as their rights are here asserted, that appel-

lants are.  They are only asserting rights as appropriators 

under a claim that they have appropriated all the surplus 

waters of the Coyote river, and are entitled to certain 

impounded waters between the gorges.  Be that as it 

may, however, as far as any waters of the river are con-

cerned (there being no impounded waters), we do not 

perceive that the fact that the plaintiff is not a riparian 

owner can affect his rights as against the appellants.  As 

between riparian owners, it is conceded, as the law de-

clares, that one riparian owner is not entitled to divert the 

waters of a stream for use at some distant point for 

commercial purposes so as to prevent another riparian 

owner to whom they would otherwise be available from 

using them on his lands, and it is established by the au-

thorities to which we have heretofore referred that, as 

between owners of land overlying a common substratum 

of percolating water, this cannot be done.  This being so, 

we perceive no reason why the same rule should not be 

applied as between owners of land overlying a substra-

tum of water directly [***38]  connected with either the 

surface or subsurface flow of the stream, and deriving 

practically its exclusive supply from that source.  The 

theory upon which the right of a riparian owner to be 

protected in the use of the waters of a stream to which 

his lands are riparian is that, nature having given these 

lands the benefit of the flow, and the natural advantage 

of its use on the lands, one riparian owner may not divert 

these waters to lands not riparian, to the injury of an-

other riparian owner who can use them.  The same 

principle has been applied, as we have seen, to the use of 

waters as between the owners of lands, overlying a 

common stratum of percolating waters. And we perceive 

no reason why the same principle should not be applied 

as between an appropriator of the waters of a stream to 

be taken beyond the watershed for commercial purposes 

and the owners of lands overlying an artesian stratum 

which is conclusively [*94]  shown to be so connected 

with the stream as to derive its supply of water by per-

colation therefrom to this stratum. Why, in principle, 

should there be any distinction?  With the common-law 

doctrine modified to meet the conditions in this state 

necessitating [***39]  it, and modified so as to preserve 

to each owner of lands overlying a common stratum of 

percolating waters a right to a fair and reasonable use of 

these waters of which their lands have a natural ad-

vantage, no reason suggests itself why the same rule 

should not apply as between the appropriators of the wa-

ters of a stream for use elsewhere than on riparian lands 

and the owners of lands overlying a water-bearing  

[**380]  channel, so directly connected with the stream 

as to be supplied by percolation from it.  The conditions 

in all cases are analogous as far as the natural supply of 

waters is available for use upon the lands concerned, 

whether the lands be riparian to the stream or overlying a 

common subterranean stratum, or whether the underlying 

strata are connected and supplied directly from the flow 
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of the stream itself.  In either case there is a natural 

supply of water of which the lands by reason of their 

location, either as riparian or above a common subter-

ranean stratum, or as lying over a water-bearing stratum 

supplied by percolation from the stream, have a natural 

advantage to the use of the waters." (Italics ours.) 

In other words, since one owner of riparian lands 

[***40]  had rights in the water against another riparian 

owner, and one owner of lands over percolating water 

had rights in the water against another owner of land 

over the same water-bearing strata, in both cases by vir-

tue of the location of their lands and under the common 

law, as modified by the California decisions, the rights of 

an appropriator were governed by the same test, viz., 

location of lands and common law. The answer to this is 

that the fundamental principle of the doctrine of appro-

priation as it exists in Arizona is that the location of land 

and the rules of the common law give no rights as 

against an appropriator, so long, at least, as his lands lie 

[*95]  within the watershed of the stream. And we 

would further point out that in the case cited the lands of 

the appropriator of surface water lay without the water-

shed, while in the instant case they lie within it. 

The decision in , based as it avowedly is on a theory 

of the law of appropriation absolutely inconsistent with 

ours, is of no value as a precedent for sustaining the 

judgment before us for review.  The only theory on 

which our courts could have reached [***41]  the same 

result on the stated facts of that case is that subterranean 

waters of the nature therein described are subject to ap-

propriation under the law of Arizona.  But the statement 

of facts shows that to be untrue.  Without considering 

the use of the word "percolating" in the opinion as hav-

ing any bearing on the question, the channels described 

therein fail to show any definite beginning, end, or loca-

tion.  The most that can be said is that somewhere be-

neath the surface of the Santa Clara Valley geological 

theory teaches us there are subterranean channels, and 

the proof in this case leads, at the most, to the same con-

clusion as to the lands involved herein.  This is utterly 

insufficient under our law to base an appropriation of 

water on.  The decree of the trial court, so far as it ad-

judges plaintiff a right of prior appropriation to the water 

of any wells not in or immediately adjacent to the surface 

channel of the Agua Fria River, cannot be sustained on 

the ground that such water comes from either dependent 

or independent underground channels with known and 

definite banks from which appropriations may be made 

under the law of Arizona. 

But it may be said, even admitting the [***42]  wa-

ters claimed by plaintiffs are not subject to appropriation 

as those of known and definite independent or dependent 

underground channels, they are nevertheless subject to 

appropriation as being the subflow of the Agua [*96]  

Fria River. [HN15] The underflow, subflow or under-

current, as it is variously called, of a surface stream may 

be defined as those waters which slowly find their way 

through the sand and gravel constituting the bed of the 

stream, or the lands under or immediately adjacent to the 

stream, and are themselves a part of the surface stream. 2 

Kinney on Irrigation, 2d ed., par. 1161. 

As the names given to this class of waters indicate, 

physically they constitute a part of the surface stream 

itself, and are simply incidental thereto, and also in the 

main depend on the surface streams to which they are 

incident for the greater part of their water supply.  

[HN16] The best test which can be applied to determine 

whether underground waters are as a matter of fact and 

law part of the surface stream is that there cannot be any 

abstraction of the water of the underflow without ab-

stracting a corresponding amount from the surface 

stream, for the reason that the water from the surface 

stream [***43]  must necessarily fill the loose, porous 

material of its bed to the point of complete saturation 

before there can be any surface flow.  Therefore the 

river bed must continue holding sufficient water to sup-

port the surface stream, as it were, for otherwise in 

drawing on the underground flow of the stream it will 

necessarily draw upon the waters flowing on the surface. 

; ; . 

If the bed of a stream is not solid rock, but gravel or 

earth, water will always be found many feet beneath its 

surface, and there may and probably will be correspond-

ing to the flow on the surface a current beneath it.  Not 

only does it move along the course of the river, but it 

percolates from its banks from [*97]  side to side, and 

the more abundant the surface water the further will it 

reach in its percolations on each side.  But, considered 

as strictly a part of the stream, the test is always the 

same: Does drawing off the subsurface water tend to 

diminish appreciably and directly the flow of the  

[***44]   surface stream? If it does, it is subflow, and 

subject to the same rules of appropriation as the surface  

[**381]  stream itself; if it does not, then, although it 

may originally come from the waters of such stream, it is 

not, strictly speaking, a part thereof, but is subject to the 

rules applying to percolating waters. . Nor are we aware 

of any decision where a right in such percolating waters 

based on the doctrine of prior appropriation as it exists in 

Arizona is recognized.  Any such rights are necessarily 

based on some form of riparian rights, as in , on the doc-

trine of sic utere tuo, as in , or a local statute. 

In almost all cases the so-called subflow is found 

within, or immediately adjacent to, the bed of the surface 

stream itself.  ; Vineland Irr. Dist. v. Azusa, etc., supra; 

. The leading case on the subject in California, which 

state has probably witnessed more disputes over subter-

ranean [***45]  waters than any other, is , and therein 
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the doctrine of subflow has been extended as far as it can 

reasonably be carried, if the definitions and tests above 

set forth are to be adhered to.  It appears from the facts 

therein that the San Fernando Valley, which is about 

twelve miles wide by twenty-four miles long, is com-

posed of more or less permeable material, which is prac-

tically filled with water from rains, mountain torrents, 

etc.  It ends in a lower neck or [*98]  gorge, about two 

miles wide, through which all the waters of the valley 

eventually flow, and it was attempted to establish an ap-

propriation under the ancient pueblo right of the city of 

Los Angeles to the subterranean water flowing through 

this two-mile gorge as being, in effect, the subflow of the 

Los Angeles River, and a part thereof.  The trial court 

defined subterranean watercourses, and this definition 

was approved by the Supreme Court, as follows: 

"A water course must consist of beds, banks, or 

sides, and water, and the water must be flowing in a 

channel or course more or less defined. . . .  Water 

moving by force of gravity in a valley or basin of wide 

extent,  [***46]  -- say, twenty-four by twelve miles at 

the extreme extent, -- and moving generally through the 

whole or through a large portion of the basin, along 

through the natural voids or interstices of the earth, 

composed of alluvial or other deposit lying throughout 

the entire basin, and made up of loam, sand, gravel and 

boulders, mixed together, and interspersed with irregular 

and broken strata or masses of clay or cemented sand and 

gravel, and lying in place as originally deposited by the 

forces of nature, do not constitute a water cours, but are a 

part of the land, and belong to the owner of land as fully 

as any other constituent part of it. . . .  But if such water 

does collect underground and flow in certain courses or 

channels through coarse, permeable material therein, 

where the existence and general course of the flowing or 

moving body of water can be easily determined, then the 

water so moving in such channels would constitute a 

water course, although not visible on the surface, and 

although the space through which the channel extends 

may be largely filled with the material through which the 

water flows." 

And the opinion points out that the evidence showed 

the water claimed to be [***47]  subflow complied with 

the tests above stated, to wit, that it lay substantially be-

neath the surface of the bed of the Los Angeles River, 

and that drawing off the underground water [*99]  

would diminish the surface flow.  We think the body of 

water shown to exist beneath the lands of plaintiffs, and 

from which they draw by reason of their wells, even 

within the liberal doctrine laid down by the Pomeroy 

case, does not constitute the subflow of the Agua Fria 

River, for there is not the slightest evidence that their 

pumping diminishes directly or appreciably the surface 

flow, no matter how true may be the converse. 

It is true that in the later case of , the court said: 

"Unquestionably the San Fernando valley is the 

great natural reservoir and supply of the Los Angeles 

river. Unquestionably the cutting off of this supply 

would as completely destroy the Los Angeles river as 

would the cutting off of the Great Lakes destroy the St. 

Lawrence.  San Fernando valley may indeed be regard-

ed as a great lake filled with loose detritus, into which 

the drainage from the neighboring mountains flows, and 

the outlet of which is the [***48]  Los Angeles river. 

Impeded by the soils, these waters, of course, move more 

slowly than they would in an open lake; but unquestion-

ably the general movement of practically all is south-

easterly to the Narrows, through and out of which flows 

the Los Angeles river proper.  Unquestionably, also, a 

serious interruption of or interference with this supply 

would as certainly impair the volume of water carried by 

the Los Angeles river as though the interruption and in-

terference were with a surface flowing tributary thereof.  

The waters of the San Fernando valley therefore are not 

'percolating waters' in the common-law sense of the term 

-- vagrant, wandering drops moving by gravity in any 

and every direction along the line of least resistance.  

These waters percolate, it is true, but only in the sense 

that they form a vast mass of water confined in a basin 

filled with detritus, always slowly moving downward to 

the outlet, in the effort, in conformity with physical law, 

to attain a uniform level.'  

 [*100]   [**382]  This is a positive statement that 

the waters of the San Fernando basin are not percolating 

in the common-law sense of the term, but it also by im-

plication denies that they [***49]  are the subflow of the 

Los Angeles River. The contention is that the valley is in 

effect a lake, of which the river is the outlet, and that an 

appropriation of the waters of a river which is the outlet 

of a lake is also an appropriation of the waters of the 

lake. This conclusion of law is of course correct if the 

waters indeed be those of a lake. ;  

But whether or not under the facts the San Fernando 

Valley is indeed a lake, supplying the Los Angeles River, 

the evidence in this case shows conclusively one fact 

which negatives the theory that the water involved herein 

constitutes a lake of appropriable water under the law of 

Arizona.  The surface of the water underlying plaintiff's 

lands, and indeed under the entire valley, so far as it is 

known, instead of being perpendicular to a radius of the 

earth, as is invariably the case with a surface lake, has a 

decided slope or dip to the south and west.  Whatever 

this water may be, it is not a "lake" in the sense in which 

our statutes use the word.  Whether it be diffused perco-

lations in the common-law sense of the term, as [***50]  

defined in , so that the extreme English doctrine applies 

thereto, or whether it be percolating waters whose ex-

traction will tap other waters, and it therefore comes 
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within the doctrine of correlative rights as developed in 

Katz v. Walkinshaw, and other cases which follow it, is 

immaterial in this instance, for neither class is subject to 

appropriation under the law of Arizona, which limits that 

right, so far as subterranean waters are concerned, to 

those similar to appropriable surface waters. Plaintiffs 

can claim [*101]  no rights of appropriation to the wa-

ters pumped by them as a subflow of the Agua Fria River 

except such as comply with the test above laid down, to 

wit, that they are in the bed of the river, or so near there-

to that the pumping from them will appreciably deplete 

the waters of the surface stream. 

It is evident from what we have already said that the 

judgment of the trial court must necessarily be reversed 

and the case remanded for a new trial.  order, however, 

that all the issues which will arise at such trial may be 

properly determined, we think it advisable to discuss one 

or two other points.  The waters claimed [***51]  by 

plaintiffs may be divided into three classes.  First are 

those pumped from wells not in or immediately adjacent 

to the bed of the Agua Fria River. To these, as we have 

stated, plaintiffs can claim no right by reason of appro-

priation, whatever may be their rights under the law ap-

plying to percolating waters of the classes we have men-

tioned in this opinion.  The second is of waters of wells 

in or immediately adjacent to the bed of the Agua Fria 

River, so that the evidence shows they satisfy the test 

applying to subflow, or are actually in the subterranean 

channel of the river itself.  So far as these are concerned, 

if the evidence shows plaintiffs have applied them to 

beneficial use, and have not since forfeited or abandoned 

such use in whole or in part, they are entitled to have any 

rights so acquired protected.  The third class consists of 

surface water alleged to have been diverted at what is 

known as the Marinette heading.  The trial court should 

determine the amount of water obtained from these two 

sources and used beneficially in accordance with the 

principles stated by us, and plaintiffs are entitled either to 

have sufficient water pass the point of diversion of de-

fendants [***52]  so that enough will reach the point of 

diversion of plaintiffs to supply their appropriation 

[*102]  as it would have been supplied were it not for 

defendants' dams and canal, or in lieu thereof defendants 

may, if they desire, under the doctrine of , deliver the 

proper amount of water to plaintiffs, the cost of such 

delivery to be no greater to plaintiffs than drawing the 

water from the original points of diversion has been in 

the past, or would be in the future were it not for de-

fendants' operations. 

Defendants have also urged that their right of ap-

propriation is prior to that of plaintiffs under any theory 

of the case, and that plaintiffs have not denied this.  

Whether the denial was formally made in the pleadings 

or not, doubtless at a retrial of the case they will be 

amended to meet that objection, and we think it best to 

refer to the evidence on this point as though the issue 

were properly before the trial court.  Defendants' prede-

cessor in interest did, at some time during the year 1888 

initiate an appropriation of the waters of the Agua Fria 

River flowing at Frog Tanks and Camp Dyer, and ex-

pended considerable money thereafter in the [***53]  

construction of a diversion dam at the last-named place, 

and a canal for the irrigation of various lands.  The di-

version dam and canal, however, were practically de-

stroyed, and all work thereon stopped in the year 1895.  

From that time on until approximately 1925 substantially 

the only work done in furtherance of these initiated rights 

was the maintaining of a watchman at the point of diver-

sion and the expenditure of some $25,000 for surveys 

and attorney's fees. 

[HN17] Under the doctrine of prior appropriation, an 

appropriator is required, after his rights have been initi-

ated in accordance with the law in existence at the par-

ticular time and locality, to exercise reasonable diligence  

[**383]  in every step required to make his appropria-

tion complete, by the actual application of the [*103]  

water to a beneficial use, for until he does this his rights 

are inchoate.  When the water is finally so applied, his 

perfected rights relate back to the initiation of the appro-

priation. ; 2 Kinney on Irrigation, 2d ed., p. 1282.  If 

however, he fails to use reasonable diligence, his rights 

commence only as of the time of actual application of the 

[***54]  water. The time within which the appropriation 

must be completed varies according to circumstances, as 

what may be reasonable diligence in one case may be a 

great lack of diligence in another, and the courts have 

always considered in the case of bona fide settlers that 

they might take a longer time in the construction of their 

works for the diversion of water and in the actual appli-

cation of the water to a beneficial use than was required 

of those with ample means.  But the mere lack of means 

with which to prosecute the work is never ipso facto a 

sufficient excuse for delay.  As was well stated in the 

case of : "It would be a most dangerous doctrine to hold 

that ill-health or pecuniary inability of a claimant of a 

water privilege will dispense with the necessity of actual 

appropriation within a reasonable time, or the diligence 

which is usually required in the prosecution of the work 

necessary for the purpose." See, also, ; . Particularly is 

this true when the delay is due to the difficulty of 

[***55]  financing a large project.  ; . 

In the case at bar we are satisfied that defendants 

failed to show due diligence in perfecting their prede-

cessor's appropriation of 1888, and the trial court cor-

rectly held that the rights of plaintiffs, so far as such 

[*104]  rights existed at all, were prior to those of de-

fendants. 
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There are a number of other assignments of error, 

but we think we need not refer to them specifically, as 

what we have said previously will afford sufficient in-

formation to the trial court to determine the questions 

raised thereby.  In passing we may say that we recog-

nize the far-reaching effect which this reiteration of the 

fundamental principles of the water law of Arizona may 

have on the future development of the state, and the 

momentous results which may flow therefrom.  On the 

one hand, counsel for plaintiffs have told us that a rever-

sal of this case will in effect be a re-establishment of the 

doctrine of riparian rights, an abandonment of the law of 

prior appropriation, and a permanent end to our future 

agricultural growth, while with equal sincerity and ear-

nestness [***56]  counsel for defendants insist that an 

affirmance of the judgment will be a declaration that 

storage is subservient to pumping, and that this will pre-

vent all future development of our surface waters, thus 

limiting our agricultural increase to small and uncertain 

areas.  Such appeals, while doubtless legitimate and 

pertinent if addressed to a legislative body declaring a 

rule of public policy, cannot be considered by the courts 

when that public policy already appears plainly in the 

statutes of the state, and our decision is based solely on 

the law as it is, and not on what we think it should be or 

its effect.  But could we consider the wisdom of the 

adoption of the respective principles of law presented by 

counsel our decision would be the same.  When funda-

mental public policy is to be settled, the final test is well 

stated in the old Roman maxim of "salus populi est su-

prema lex." And we are of the opinion that the greatest 

permanent good of the state of Arizona is best served by 

the doctrine laid down by our legislatures in the past and 

explained by us in this decision.  

 [*105]  Surface waters are plainly visible, defi-

nitely ascertainable, and the effect of their appropriation 

[***57]  generally easily foreseen and understood by 

all.  Subterranean waters are necessarily more or less 

uncertain as to their very existence, speculative as to 

their character, and frequently incapable of an immediate 

demonstration of the results of their appropriation of 

such a nature that investors may safely stake their funds 

and farmers their future on the success of the project.  If 

percolating waters are subject to the law of prior appro-

priation, and if appropriations of other subterranean wa-

ters may be established by mere surmise, inference or 

possibility, the field is open to interminable and uncer-

tain litigation from which none will profit in the end but 

members of the legal profession, and there will in all 

probability be a complete cessation of extensive devel-

opment work, due to the impossibility of ascertaining in 

advance just what rights will be acquired thereby.  It 

may be said that this rule means an end to all future large 

pumping projects.  If these projects are based on the 

depletion of surface waters, it is far more economical 

both in money and water, and thus better for the state as 

a whole, that those surface waters be utilized through 

surface developments, as they [***58]  doubtless will be 

when necessity arises.  If, on the other hand, they are 

based on a use of water which will not affect surface 

developments, past or future, there are other principles of 

law, not necessary for the determination of this case, 

which properly applied, will do justice to the state and to 

its individual citizens alike.  While it may be, and 

doubtless is, true that the effect of the declaration of pub-

lic policy made by our legislature so long ago will be to 

lessen somewhat the number and size of  [**384]  fu-

ture irrigation projects depending upon pumped water, in 

our opinion it is more than compensated by the estab-

lishment of certainty [*106]  and security for the vastly 

more important surface projects now existing, and which 

will doubtless exist in the future. 

The judgment of the superior court of Maricopa 

county is reversed and the case remanded, with instruc-

tions to grant a new trial in accordance with the princi-

ples laid down in this opinion. 

McALISTER, C. J., and ROSS, J., concur.   
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OPINION BY: FELDMAN  

 

OPINION 

 [*384]   [**1238]  OPINION 

This appeal presents the second of six issues ac-

cepted for interlocutory review on December 11, 1991.  

We decide today whether the trial court erred in adopting 

a test to determine whether the underground water 

known as subflow is appropriable under A.R.S. § 45-141.  

We have jurisdiction pursuant to A.R.S. § 45-252 and 

Ariz. Const. art. 6, § 5(3). 

 

FACTS AND PROCEDURAL HISTORY  

This case is a consolidated general adjudication 

brought under A.R.S. § 45-251 et seq. to determine the 

extent and priority of the rights of all persons to use wa-

ter in the Gila River system and source.  For the full 

procedural history of the case, see Arizona v. San Carlos 

Apache Tribe of Arizona, 463 U.S. 545, 103 S. Ct. 3201, 

77 L.Ed.2d 837 (1983); United States v. Superior Court, 

144 Ariz. 265, 270-71, 697 P.2d 658, 663-64 (1985), In 

re Rights to the Use of the Gila River, 171 Ariz. 230, 

232-33, 830 P.2d 442, 444-45 (1992). For the present 

opinion,  [***6]  the relevant facts are brief. 

For five days in October 1987, the trial court held 

hearings on the relationship between surface water and 

groundwater.  [*385]   [**1239]  Hydrologists and 

hydrological engineers testified and submitted reports on 

the relation between ground and surface water in general, 

and in the San Pedro and Santa Cruz watersheds in par-

ticular.  The hearings were for the general education of 

all parties and the court, but the material adduced at the 

hearing was to be considered evidence on which the 

court could rely when appropriate. 

Following the hearings, several cities 1 filed a Mo-

tion to Exclude Wells From the General Adjudication, 

asking the trial court to exclude from the adjudication all 

wells pumping percolating groundwater, and to include 

only those wells pumping surface flow and subsurface 

flow, within the meaning of Maricopa County Municipal 

Water Conservation District No. One v. Southwest Cot-

ton Co., 39 Ariz. 65, 4 P.2d 369 (1931) ("Southwest Cot-

ton").  The trial court decided to use the cities' motion, 

and the information developed at the hearings, as a vehi-

cle to resolve several surface water and  [***7]  

groundwater issues.  Thus, in January 1988, the trial 

court ordered the parties to brief eight specific questions 

it believed it could decide as a matter of law based on the 

evidence adduced at the October 1987 hearings.  In May 

1988, the trial court heard argument and in September it 

issued its order answering those questions. 

 

1    Those cities were Chandler, Tempe, Mesa, 

Scottsdale, Glendale, Peoria, Goodyear, Casa 

Grande, Avondale, Nogales, and Prescott. 

One of the eight questions the trial court answered in 

its September order was: 

  

   Is ground water included within the 

phrase "river system and source" as it is 

used in A.R.S. §§ 45-141 and 45-251(4), 

and if so, to what extent is it included? 2 
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The trial court concluded that underground water is in-

cluded in the river system and source if it is a stream's 

subflow, as that term is used in Southwest Cotton.  The 

effect of this ruling was to declare that groundwater 

pumpers extracting water within the court's definition of 

"subflow" were diverting water appropriable [***8]  

under A.R.S. § 45-141(A).  Therefore, their rights to that 

water would depend on the priority of their appropria-

tion, rather than on an owner's right to remove water 

percolating under the surface of the owner's land. 

 

2    A.R.S. § 45-141(A) reads: 

  

   [HN1] The waters of all 

sources, flowing in streams, can-

yons, ravines or other natural 

channels, or in definite under-

ground channels, whether peren-

nial or intermittent, flood, waste or 

surplus water, and of lakes, ponds 

and springs on the surface, belong 

to the public and are subject to 

appropriation and beneficial use as 

provided in this chapter. 

 

  

The court then concluded that certain wells with-

drawing water from the younger alluvium of a stream 

basin should be presumed to be pumping appropriable 

subflow. The court instructed the Department of Water 

Resources ("DWR") to designate such wells in its hy-

drographic survey reports 3 as pumping appropriable 

subflow if: 

  

   As to wells located in or close to that 

younger alluvium, the volume of stream 

depletion would reach 50% or more 

[***9]  of the total volume pumped dur-

ing one growing season for agricultural 

wells or during a typical cycle of 

pumpage for industrial, municipal, min-

ing, or other uses, assuming in all in-

stances and for all types of use that the 

period of withdrawal is equivalent to 90 

days of continuous pumping for purposes 

of technical calculation. 

 

  

The court acknowledged that this test (the "50%/90 day 

rule") appeared to be somewhat arbitrary but explained it 

was essential for use in instructing DWR in the prepara-

tion of its hydrographic survey reports.  Well owners 

would be allowed to prove that their wells were not 

pumping subflow at the time of their evidentiary hearing. 

 

3    These hydrographic survey reports are to be 

prepared by DWR pursuant to A.R.S. § 45-256 as 

part of its role as technical advisor to the trial 

court. 

Many parties sought review of this ruling pursuant 

to this court's Special Procedural Order Providing for 

Interlocutory Appeals and Certifications, filed September 

26, 1989.  We granted review and framed the issue 

[***10]  as follows: 

  

    [*386]   [**1240]  Did the trial 

court err in adopting its 50%/90 day test 

for determining whether underground 

water is "appropriable" under A.R.S. § 

45-141? 

 

  

 

 

THE ISSUE  

This issue arises from the way Arizona water law 

has developed from territorial days.  Those seeking a 

detailed history of the evolution of Arizona water law, 

going back to the organization of the Arizona Territory, 

are referred to John D. Leshy & James Belanger, Arizona 

Law Where Ground and Surface Water Meet, 20 Ariz. 

St.L.J. 657 (1988). As will be seen below, rights associ-

ated with water found in lakes, ponds, and flowing 

streams -- surface water -- have been governed by the 

doctrine of prior appropriation. This doctrine developed 

in the western part of the country where the common law 

riparian rights doctrine was unsuited to prevailing arid 

conditions.  On the other hand, underground water has 

been governed by the traditional common law notion that 

water percolating generally through the soil belongs to 

the overlying landowner, as limited by the doctrine of 

reasonable use.  Id. 

This bifurcated system of water rights was not 

unique to Arizona.  It was typical [***11]  of western 

states until around the turn of the twentieth century.  At 

that time, scientific investigation was revealing that most 

underground water is hydraulically connected to surface 

water. As scientific knowledge progressed, most states 

revised their water laws to provide for unitary manage-

ment of hydraulically connected underground and sur-

face water. Arizona, however, did not, and continues to 

adhere to a bifurcated system of water rights, with com-

pelling implications for general stream adjudications.  

Id. 

[HN2] The purpose of a general stream adjudication 

under title 45 is to determine the rights of all persons to 

use the waters of a river system and source.  A.R.S. § 

45-252(A).  "River system and source" is defined as "all 
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water appropriable under [A.R.S.] § 45-141 and all water 

subject to claims based upon federal law." A.R.S. § 

45-251(4).  Thus, basic to this case is the extent to 

which water pumped from wells must be treated as ap-

propriable under § 45-141 or, conversely, as groundwater 

excluded from the legal rules applying to prior appropri-

ation. The need to resolve the question early in the pro-

ceeding impelled us to grant review. 

 

HISTORICAL PERSPECTIVE  

We start with [***12]  Southwest Cotton, this 

court's early and most important attempt to enunciate the 

relative rights of groundwater and surface water users.  

The court's comment in that case applies to the present 

dispute: 

  

   The case is one of the most important 

which has ever come before this court, 

involving as it does not only property in-

terests of [great] value . . . but also a dec-

laration of legal principles which will in 

all probability determine and govern to a 

great extent the course of future . . . de-

velopment within the arid regions of Ari-

zona.  The real question involved is the 

law applicable to the relative rights to the 

ownership and use of the subterranean 

waters of the state as against those of the 

surface waters. 

 

  

 39 Ariz. at 71, 4 P.2d at 372. 

Southwest Cotton involved a suit by Southwest Cot-

ton Company and others ("Southwest Cotton") against 

Maricopa County Municipal Water Conservation District 

No. 1 and others ("Conservation District").  Southwest 

Cotton owned a large tract of land west of Phoenix.  It 

drilled almost one hundred wells in and around the Agua 

Fria River bed 4 to irrigate 19,000 acres.  In 1925, plans 

for a dam on  [***13]  the Agua Fria River upstream of 

Southwest Cotton's development matured, and the Con-

servation District floated bonds to finance the project.  

Southwest Cotton sued to enjoin the project, fearing that 

the upstream  [*387]   [**1241]  dam would prevent 

water from reaching the downstream wells. 

 

4    The Agua Fria River flowed only intermit-

tently.  Southwest Cotton's wells were located in 

an area roughly ten miles wide and twenty miles 

long.  Some were in the river bed, and others 

ranged from a few feet to six miles from the river. 

In the trial court, Southwest Cotton argued that the 

water it pumped was subject to appropriation under the 

predecessor of A.R.S. § 45-141(A). 5 The trial court ruled 

for Southwest Cotton, holding that the water was appro-

priable as water flowing in definite underground chan-

nels. 

 

5    Southwest Cotton also claimed rights to a 

surface diversion in connection with a tunnel and 

canal system at what was known as the Marinette 

heading. 

 [***14]  On appeal, Southwest Cotton advanced 

three theories: (1) percolating underground water was 

appropriable; (2) water running in underground channels 

was appropriable; and (3) subflow of the Agua Fria River 

was appropriable. This court decided to treat all issues as 

matters of first impression.  First, it addressed South-

west Cotton's claim that percolating groundwater is ap-

propriable. At the time of Southwest Cotton, percolating 

water was defined generally as water that passes through 

the ground and does not form part of a body of water or a 

water course.  2 Clesson S. Kinney, The Law of Irriga-

tion and Water Rights § 1188, at 2152 (2d ed. 1912).  It 

was further classified with reference to the streams or 

other bodies of water to which it was tributary. "Diffused 

percolations" were not tributary to any definite surface or 

underground stream or body of water. Id. "Percolating 

waters tributary to surface water" were, as the name im-

plies, "waters which infiltrate their way through the ad-

joining ground to some surface water course or other 

body of surface water." Id. § 1193, at 2162. 

The Southwest Cotton court examined Arizona stat-

utes from 1864 and its previous decisions [***15]  and 

reaffirmed its prior holding that percolating subterranean 

water was not subject to appropriation. 39 Ariz. at 84, 4 

P.2d at 376. Language in the opinion makes it clear that 

the court meant that all percolating water, however clas-

sified, was not subject to appropriation. While distin-

guishing certain California cases on which Southwest 

Cotton relied, the court stated: 

  

   Whether [the water underlying South-

west Cotton's land] be diffused percola-

tions in the common law sense of the term 

. . ., or whether it be percolating waters 

whose extraction will tap other waters, . . . 

is immaterial in this instance, for neither 

class is subject to appropriation under the 

law of Arizona. 

 

  

 Id. at 100, 4 P.2d at 382. 6 

 

6    Any decision as to what law applied to per-

colating water was left for another day.  Id. at 

83-84, 4 P.2d at 376. That day arrived more than 

twenty years later.  See Bristor v. Cheatham, 75 
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Ariz. 227, 255 P.2d 173 (1953), which estab-

lished the right of the surface owner to reasonable 

use of the water percolating under his property. 

 [***16]  The court also addressed Southwest Cot-

ton's argument that its water came from underground 

streams. The court rejected that argument because there 

was insufficient evidence to show that Southwest Cot-

ton's wells tapped underground channels with known and 

definite banks from which Arizona law allowed appro-

priations. Id. at 95, 4 P.2d at 380. 

Finally, the court addressed the argument that 

Southwest Cotton was pumping appropriable subflow of 

the Agua Fria River. The court defined "subflow" as 

  

   those waters which slowly find their 

way through the sand and gravel consti-

tuting the bed of the stream, or the lands 

under or immediately adjacent to the 

stream, and are themselves a part of the 

surface stream. 

 

  

Id. at 96, 4 P.2d at 380. 

   In almost all cases the so-called sub-

flow is found within, or immediately ad-

jacent to, the bed of the surface stream it-

self. 

 

  

Id. at 97, 4 P.2d at 381. 

Subflow "physically . . . constitute[s] a part of the 

surface stream itself, and [is] simply incidental thereto." 

Id. at 96, 4 P.2d at 380.  It is subject to the same rules of 

appropriation as the surface stream itself.  Id. at 97, 4 

P.2d at 380-81. 

 [*388]   [**1242]  The court [***17]  set forth a 

test for determining whether underground water is ap-

propriable subflow. First, it wrote: 

  

   The best test which can be applied to 

determine whether underground waters 

are as a matter of fact and law part of the 

surface stream is that there cannot be any 

abstraction of the water of the underflow 

without abstracting a corresponding 

amount from the surface stream, for the 

reason that the water from the surface 

stream must necessarily fill the loose, po-

rous material of its bed to the point of 

complete saturation before there can be 

any surface flow. 

 

  

Id. at 96, 4 P.2d at 380 (emphasis added). 

In the next paragraph, the court wrote: 

  

   Not only does [subflow] move along 

the course of the river, but it percolates 

from its banks from side to side, and the 

more abundant the surface water the fur-

ther will it reach in its percolations on 

each side.  But, considered as strictly a 

part of the stream, the test is always the 

same: Does drawing off the subsurface 

water tend to diminish appreciably and 

directly the flow of the surface stream? If 

it does, it is subflow, and subject to the 

same rules of appropriation as the surface 

stream itself; if it does not, then,  [***18]  

although it may originally come from the 

waters of such stream, it is not, strictly 

speaking, a part thereof, but is subject to 

the rules applying to percolating waters. 

 

  

Id. at 96-97, 4 P.2d at 380-81 (emphasis in original). 

Concluding that there was no evidence that South-

west Cotton's pumping directly or appreciably dimin-

ished the flow of the river, the court reversed and re-

manded the case for a new trial.  Id. at 99, 106, 4 P.2d 

at 381, 384. 

Until Bristor v. Cheatham, 73 Ariz. 228, 240 P.2d 

185 (1952) ("Bristor I"), this court consistently applied 

Southwest Cotton's rule that percolating groundwater is 

not subject to appropriation. In Bristor I, the court held 

by a 3-2 margin that percolating water was subject to 

appropriation. The court granted rehearing, however, and 

fourteen months later reversed itself by a 3-2 margin.  In 

Bristor v. Cheatham, 75 Ariz. 227, 255 P.2d 173 (1953) 

("Bristor II"), the majority reaffirmed our prior holdings 

that percolating water is not subject to appropriation. 

Arizona's courts have followed Bristor II to this day. 

DISCUSSION 

 [***19]  The parties in this appeal generally agree 

that Southwest Cotton is at the heart of the issue before 

us.  One group argues that Southwest Cotton's concept 

of subflow is narrow, and that the 50%/90 day rule is too 

broad, because it includes wells that pump underground 

water not appropriable under A.R.S. § 45-141(A).  An-

other group argues that Southwest Cotton's concept of 

subflow is broad, and that the 50%/90 rule is too narrow, 

because it fails to include all wells that pump appropria-

ble subflow. The third group argues that the trial court 

was correct.  Although it seems to agree that the 50%/90 

day rule is not faithful to Southwest Cotton, the third 

group contends that the trial court's order should not be 
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disturbed because it merely creates a rebuttable pre-

sumption.  We address this argument first. 

 

A. The presumption  

The 50%/90 day rule was formulated to instruct 

DWR in the preparation of hydrographic survey reports, 

and merely creates a rebuttable presumption that wells 

meeting the test are pumping subflow. Nonetheless, if 

the test is defective, its use would adversely affect the 

adjudication.  It would plant errors in every hydro-

graphic survey report, which [***20]  would have to be 

litigated according to the procedures set out in the Rules 

for Proceedings Before the Special Master, Rules 

6.00-16.00.  This would exacerbate an already lengthy 

and costly process.  Perhaps even more significantly, 

use of a flawed test for identifying wells pumping sub-

flow could cause significant injustice.  Many surface 

owners unable to mount a challenge could effectively 

lose their right to pump percolating groundwater, simply 

because their wells were improperly presumed to be 

pumping  [*389]   [**1243]  appropriable subflow. 

Considering the time, expense, and importance of accu-

rate hydrographic survey reports, and the complex law-

suits over their correctness, it would be a senseless waste 

to use a flawed presumption for identifying wells pump-

ing subflow. 

 

B. Applying the rule of Southwest Cotton  

1. Stare decisis 

We now determine whether the trial court's 50%/90 

day rule accurately reflects Southwest Cotton's subflow 

rationale.  We perceive our role as interpreting South-

west Cotton, not refining, revising, correcting, or im-

proving it.  We believe it is too late to change or over-

rule the case.  More than six decades have passed since 

Southwest  [***21]   Cotton was decided.  The Arizo-

na legislature has erected statutory frameworks for regu-

lating surface water and groundwater based on Southwest 

Cotton.  Arizona's agricultural, industrial, mining, and 

urban interests have accommodated themselves to those 

frameworks.  Southwest Cotton has been part of the 

constant backdrop for vast investments, the founding and 

growth of towns and cities, and the lives of our people.  

Of course, this court is not absolutely bound by stare 

decisis and may change judge-made law, especially 

when the need for change is apparent, the error or confu-

sion in previous decisions is evident, and change is pos-

sible without causing significant damage.  We have 

done so in the recent past.  See Wiley v. Industrial 

Commission, 174 Ariz. 94, 847 P.2d 595 (1993). We do 

not do so lightly, however, or in the absence of compel-

ling reasons.  State v. Huerta, 175 Ariz. 262, 855 P.2d 

776 (1993); cf.  State v. Lara, 171 Ariz. 282, 285, 830 

P.2d 803, 806 (1992). 

If this principle applies to ordinary cases, it must be 

applied with [***22]  particular care when the prospec-

tive effect of change threatens important vested rights 

and may affect every Arizonan's well-being.  Thus, even 

though Southwest Cotton may be based on an under-

standing of hydrology less precise than current theories, 

it would be inappropriate to undo that which has been 

done in the past.  Instead, we will attempt only to re-

solve as best we can the ambiguities and uncertainties 

left by that decision.  Given the inexact nature of the 

"direct and appreciable diminution" test laid down by 

Southwest Cotton, that in itself is no small task. 

2. Application 

Those who argue that the 50%/90 day rule is too 

narrow suggest that Southwest Cotton's test is very 

broad.  They argue that pumping underground water 

from a tributary aquifer 7 causes direct stream depletion, 

either by intercepting water that otherwise would reach 

the stream or by dewatering an area, thereby inducing 

water to flow from the stream to fill the void.  Such de-

pletion is "appreciable," the argument goes, if it is 

"[c]apable of being estimated . . . or recognized . . .[;] 

perceptible." Citing Oxford English Dictionary (2d ed. 

1989).  These parties contend that any well pumping 

[***23]  from a tributary aquifer is pumping subflow if 

it causes any measurable stream depletion in a period of 

one or more decades. 8 Viewed outside the context in 

which the Southwest Cotton test was formulated, that 

interpretation is plausible.  Viewed in context, however, 

it clearly is too expansive from both geographical and 

time standpoints. 

 

7    A tributary aquifer is an aquifer having a 

direct hydraulic connection with a stream or with 

another aquifer that has such a connection. 

8    The lead brief for those arguing that the test 

is too narrow suggests a period of ten years.  The 

brief filed by the Nature Conservancy suggests a 

period of forty years.  Both briefs allow for ex-

clusion of wells that pump de minimis amounts 

of water or that have de minimis impact on sur-

face streams. 

When Southwest Cotton was decided, subflow was a 

well known water law concept.  The primary authority 

on which the Southwest Cotton court relied concerning 

subflow was 2 Kinney, supra § 1161.  Kinney addressed 

the concept of  [***24]  subflow in Chapter 60, entitled 

"Subterranean Water Courses." He subdivided subterra-

nean water courses into two general categories,  [*390]   

[**1244]  known and unknown.  Known subterranean 

water courses were those in which the channel had been 

identified.  Unknown courses were those in which the 

channel had not been identified.  Id. § 1155, at 2098-99.  

Known subterranean water courses were further subdi-
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vided into independent or dependent.  Independent 

courses were those that flowed "independent of the in-

fluence of any surface streams." Id. § 1156, at 2100.  

Dependent courses were "waters . . . dependent for their 

supply upon the surface streams, or are the 'underflow,' 

'sub-surface flow,' 'subflow,' or 'undercurrent,' as they are 

at times called, of surface streams." Id. § 1161, at 2106.  

Kinney's definition of subflow was the one used in 

Southwest Cotton.  See 39 Ariz. at 96, 4 P.2d at 380. 9 

 

9   See also Black's Law Dictionary 1425 (6th 

ed. 1990), defining "subflow" as "[t]hose waters 

which slowly find their way through sand or 

gravel constituting bed of a stream, or lands un-

der or immediately adjacent to [a] stream." 

 [***25]  Kinney specifically discussed subflow in 

the context of intermittent streams, such as the Agua Fria 

River, at issue in Southwest Cotton.  He explained that a 

large volume of water flows through the sand and gravel 

underlying most streams in arid regions.  During dry 

seasons, the surface of these streams may be dry, but 

water flows underneath the surface. This underground 

water is not a separate underground stream but still a part 

of the surface stream. 2 Kinney, supra § 1161, at 

2106-10.  Furthermore, speaking again about intermit-

tent streams, Kinney wrote: 

  

   [W]aters, in order to constitute the un-

derground flow of surface streams, must 

be connected with the stream and strictly 

confined to the river bottom and moving 

underground, as was stated in a California 

case, "in connection with it, and a course 

with a space reasonably well defined." In 

other words, the water must be within the 

bed of the surface stream itself.  Other-

wise such underground waters must be 

classified with percolating waters, herein-

after discussed. 

 

  

Id. § 1161, at 2110 (footnotes omitted). 

In his later discussion of percolating water, Kinney 

wrote: 

  

   Our second class of percolating waters 

we will [***26]  define as those waters 

which infiltrate their way through the ad-

joining ground to some surface water 

course or other body of surface water. 

 

  

Id. § 1193, at 2162 (footnote omitted).  Kinney de-

scribed what the parties in this case have referred to as 

tributary groundwater. He pointedly distinguished tribu-

tary groundwater from subflow: 

   [Percolating waters tributary to surface 

waters] differ from the underflow of sur-

face streams in the fact that they have not 

yet reached the channels of the water 

courses to which they are tributary; while, 

upon the other hand, the underflow of 

surface streams have reached these chan-

nels and are therefore dealt with as com-

ponent parts of such streams. 

 

  

Id. (footnote omitted). 

Thus, Kinney defined subflow narrowly and specif-

ically distinguished it from tributary groundwater. It is 

clear that we adopted that narrow definition in Southwest 

Cotton.  The court's discussion of subflow, 39 Ariz. at 

96-97, 4 P.2d at 380-81, is a virtual paraphrase of large 

portions of Kinney's discussion in § 1161, at 2106-10.  

Furthermore, in its answering brief Southwest Cotton 

made essentially the same argument [***27]  that is 

being made in this proceeding.  In a section of its brief 

entitled "Underground Waters Tributary to or Dependent 

Upon Surface Streams Subject to Appropriation as Part 

of the Stream," Southwest Cotton argued that under-

ground water that is hydraulically connected -- tributary 

-- to surface water should be considered part and parcel 

of the surface stream. As such, it should be subject to 

appropriation as waters of the stream. Brief of Appellees 

(Conservation District) at 199-200. 

The court rejected that argument, holding that all 

types of percolating water were not subject to appropria-

tion under Arizona law.  Southwest Cotton, 39 Ariz. at 

84, 4 P.2d at 376. Having so held, it is unreasonable  

[*391]   [**1245]  to suppose that the court then turned 

around and adopted a concept of subflow broad enough 

to include all underground water hydraulically connected 

to a surface stream. It seems clear that the court consid-

ered subflow and tributary groundwater to be two dif-

ferent classes of underground water. The former is sub-

ject to appropriation under the predecessor of A.R.S. § 

45-141(A); the latter is not. 

The rehearing proceedings [***28]  in Southwest 

Cotton further indicate the court's narrow view of sub-

flow. In its petition for rehearing, Southwest Cotton ar-

gued that the court defined subflow too narrowly.  It 

took issue with the use of the term "immediately" in the 

following portion of the opinion: 

  

   The underflow, subflow, or undercur-

rent, as it is variously called, of a surface 

stream may be defined as those waters 

which slowly find their way through the 
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sand and gravel constituting the bed of the 

stream, or the lands under or immediately 

adjacent to the stream, and are themselves 

a part of the surface stream. 

 

  

 39 Ariz. at 96, 4 P.2d at 380 (emphasis added).  

Southwest Cotton argued that neither Kinney nor any 

other text writer used the word "immediately" or any of 

its synonyms as a limitation on the word "adjacent." Pe-

tition for Rehearing at 22.  In its opinion on rehearing, 

the court made no specific mention of this argument but 

essentially affirmed its original test for identifying sub-

flow. Maricopa County Mun.  Water Conservation Dist. 

No. One v. Southwest Cotton Co., 39 Ariz. 367, 369, 7 

P.2d 254, 254 (1932). [***29]  Obviously, therefore, the 

court meant it when it said that in almost all cases "sub-

flow is found within, or immediately adjacent to, the bed 

of the surface stream itself." 39 Ariz. at 97, 4 P.2d at 

381. Subflow is a narrow concept.  Thus, all water in a 

tributary aquifer is not subflow. 

We believe the Southwest Cotton court drew a line 

between subflow as part of the stream and water in the 

surrounding alluvium that is either discharging into the 

stream or being discharged by the stream. That line is 

relatively close to the stream bed, with variations de-

pending on the volume of stream flow and other varia-

bles.  Thus, if a well is drawing water from the bed of a 

stream, or from the area immediately adjacent to a 

stream, and that water is more closely related to the 

stream than to the surrounding alluvium, as determined 

by appropriate criteria, the well is directly depleting the 

stream. If the extent of depletion is measurable, it is ap-

preciable.  This is not an all-or-nothing proposition.  

For example, if the cone of depression 10 of a well has 

expanded to the point that it intercepts a stream bed, it 

almost certainly will be pumping  [***30]  subflow. At 

the same time, however, it may be drawing water from 

the surrounding alluvium. Thus, part of its production 

may be appropriable subflow and part of it may not.  

Even though only a part of its production is appropriable 

water, that well should be included in the general adju-

dication. 

 

10    The cone of depression is the "fun-

nel-shaped area around a well, where the water 

table has been lowered by the withdrawal of 

groundwater through the well." 6 Robert E. Beck, 

ed., Waters and Water Rights 503 (1991). 

We believe that the trial court's approach is incon-

sistent with Southwest Cotton.  The trial court instructed 

DWR to apply the 50%/90 day test to all wells located in 

or near the younger alluvium. The record shows, howev-

er, that in a given area the younger alluvium may stretch 

from ridge line to ridge line so that all wells in the valley 

would be in or near the younger alluvium. To say that all 

of an alluvial valley's wells may be pumping subflow is 

at odds with Southwest Cotton's statement that subflow 

[***31]  is found within or immediately adjacent to the 

stream bed. 

Likewise, the 50%/90 day "volume-time" test does 

not find its origin in Southwest Cotton.  Given enough 

time, and with certain exceptions, all extractions from a 

tributary aquifer will cause a more-or-less corresponding 

depletion from stream flow volume.  That, indeed, is the 

basis of the continuing controversy between groundwater 

pumpers and surface appropriators.  Southwest Cotton, 

however, did not purport  [*392]   [**1246]  to iden-

tify subflow in terms of an acceptable amount of stream 

depletion in a given period of time.  It sought to identify 

subflow in terms of whether the water at issue was part 

of the stream or was percolating water on its way to or 

from the stream. 

Furthermore, the actual time and volume elements 

adopted by the trial court are essentially arbitrary.  Un-

der the trial court's test, a pumper extracting 1,000 acre 

feet, diminishing stream flow by "only" 499 acre feet 

within 90 days, would be presumed to be pumping 

groundwater, whereas a well owner extracting 100 acre 

feet, depleting stream flow by 51 acre feet, would be 

presumed to be pumping surface water. Nothing in 

Southwest Cotton or [***32]  the record in this pro-

ceeding justifies so arbitrary a classification.  The same, 

of course, is true of application of the 90-day time peri-

od.  Why not 75 or 100 days? 

Whether a well is pumping subflow does not turn on 

whether it depletes a stream by some particular amount 

in a given period of time.  As we stated above, it turns 

on whether the well is pumping water that is more close-

ly associated with the stream than with the surrounding 

alluvium. For example, comparison of such characteris-

tics as elevation, gradient, and perhaps chemical makeup 

can be made.  Flow direction can be an indicator.  If the 

water flows in the same general direction as the stream, it 

is more likely related to the stream. On the other hand, if 

it flows toward or away from the stream, it likely is re-

lated to the surrounding alluvium. The present record 

certainly allows neither the trial court nor us to identify a 

definitive set of criteria.  Furthermore, it also is likely 

that differences in geology and hydrology from location 

to location may require that different criteria be given 

more or less emphasis, depending on the area under 

analysis.  The record allows neither the trial court, nor 

us, to make  [***33]  those determinations. 

We conclude, therefore, that the 50%/90 day test for 

identifying wells presumed to be pumping subflow is 
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inconsistent with Southwest Cotton and should not be 

used. 

3. The burden of proof 

The trial court's 50%/90 day rule created a presump-

tion that wells meeting the test are pumping appropriable 

water. The burden of proof then fell on well owners to 

prove that their wells did not pump appropriable water. 

Those arguing that the 50%/90 day test is too narrow 

point out that under Arizona law underground water is 

presumed to be percolating and that one claiming other-

wise has the burden of proving the claim by clear and 

convincing evidence.  Neal v. Hunt, 112 Ariz. 307, 311, 

541 P.2d 559, 563 (1975); Southwest Cotton, 39 Ariz. at 

85, 4 P.2d at 376. Thus, they conclude, the trial court's 

order improperly shifted to well owners the burden of 

proving that their wells do not pump appropriable water. 

We disagree.  If DWR uses the proper test and relies on 

appropriate criteria for determining whether a well meets 

the test, its determination that a well is pumping appro-

priable [***34]  subflow constitutes clear and convinc-

ing evidence.  It is consistent with Arizona law, then, to 

require the well owner to come forward with evidence 

that DWR is wrong. 

4. The future 

Finally, we recognize that the line between surface 

and groundwater drawn by the Southwest Cotton court 

and reaffirmed by this court today is, to some extent, 

artificial and fluid.  As discussed above, however, we do 

not feel free to redraw or erase that line.  It is important 

to remember that the Southwest Cotton court did not cre-

ate an all-encompassing set of common law principles.  

It purported, instead, to interpret the relevant statutes 

codifying the doctrine of prior appropriation and identi-

fying the water sources to which the doctrine applied.  

Those statutes remain relatively intact.  See A.R.S. § 

45-141.  Southwest Cotton argued at the time for a dif-

ferent interpretation of the statutes and the Arizona Con-

stitution.  Since Southwest Cotton, many have criticized 

Arizona's adherence to a bifurcated system of water 

management.  See Leshy & Belanger, supra, at 657-60.  

Now, sixty years later,  [*393]   [**1247]  similar ar-

guments are made that Southwest Cotton  [***35]  

misinterpreted our statutes and constitution.  See id. at 

767-90.  We recognize compelling arguments in favor 

of unified management of Arizona's water resources.  

Nonetheless, in the decades since Southwest Cotton was 

decided, the Arizona Legislature has not significantly 

altered the opinion's reach. 

Southwest Cotton's concept of subflow added mar-

ginally to the statutory definition of water subject to ap-

propriation, but we do not propose to rewrite the statute 

further by broadening the concept of subflow. We be-

lieve the trial court's 50%/90 day rule expands the clear 

words of A.R.S. § 45-141(A) to include not only waters 

flowing in streams but, potentially, waters pumped any 

place in the younger alluvium. The court's order does not 

explain the rule's derivation.  The 50%/90 day rule does 

not comport with the tests laid down in Southwest Cot-

ton.  Water may be considered appropriable underflow 

if the "abstraction" by pumping results in "abstracting a 

corresponding amount from the surface stream." Consid-

ering subflow as "strictly a part of the stream, the test is 

always the same: Does drawing off the subsurface water 

tend to diminish appreciably and directly the flow  

[***36]   of the surface stream?" 39 Ariz. at 97, 4 P.2d 

at 380 (emphasis in original). 

Thus, we reaffirm Southwest Cotton's narrow con-

cept of subflow. We realize this does not solve the prob-

lems of equitably apportioning all available water in the 

state between conflicting interests and claims of 

groundwater users and surface appropriators.  We be-

lieve, however, that in this area of the law, as much or 

more than any other, any appropriate change in existing 

law must come from the legislature.  See Arizona 

Groundwater Code, Title 45, ch. 2; Chino Valley v. City 

of Prescott, 131 Ariz. 78, 638 P.2d 1324 (1981). That is 

as it should be.  As we stated in Arizona Public Service 

Co. v. Long, 160 Ariz. 429, 436, 773 P.2d 988, 995 

(1989): 

  

   Regulation of water use, . . . especially 

in a desert state, does not lend itself to 

case-by-case definition.  In this field, we 

not only confer private rights and interests 

but deal in the very survival of our society 

and its economy.  Simply put, there is not 

enough water to go around.  All must 

compromise and some  [***37]  must 

sacrifice.  Definition of those boundaries 

is peculiarly a function for the legislature.  

It is plainly not a judicial task.  Accord-

ingly, we must look to the legislature to 

enact the laws they deem appropriate for 

wise use and management. 

 

  

 

 

D. Comprehensiveness Requirement  

The United States is a party to this case under the 

McCarran Amendment, which gives consent to suits 

against the United States in state court adjudications that 

embrace "rights to the use of water in a river system or 

other source." 43 U.S.C. § 666(a).  The United States 

argues that unless this adjudication includes all water 

hydrologically connected to the Gila River system, it will 

not be comprehensive enough to satisfy the McCarran 
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175 Ariz. 382, *; 857 P.2d 1236, **; 

1993 Ariz. LEXIS 60, ***; 144 Ariz. Adv. Rep. 17 

Amendment requirement that it embrace all rights to the 

use of water in the river system or other source.  At oral 

argument, the United States also asserted that the trial 

court in this case cannot exclude wells having only a de 

minimis effect on the river system.  We disagree. 

The McCarran Amendment recognizes that any de-

cree from a water rights adjudication would be of little 

value unless it joined all parties owning rights to a 

stream [***38]  or water source, including the United 

States.  According to Senator McCarran, who intro-

duced the bill and chaired the reporting committee: 

  

   S. 18 is not intended . . . to be used for 

any other purpose than to allow the Unit-

ed States to be joined in a suit wherein it 

is necessary to adjudicate all of the rights 

of various owners on a given stream. This 

is so because unless all the parties owning 

or in the process of acquiring water rights 

on a particular stream can be joined as 

parties defendant, any subsequent decree 

would be of little value. 

 

  

 United States v. District Court in and for Eagle County, 

Colo., 401 U.S. 520, 525, 91  [*394]   [**1248]  S. Ct. 

998, 1002, 28 L.Ed.2d 278 (1971) (quoting from S.Rep. 

No. 755, 82d Cong., 1st Sess., at 9 (1951)).  The 

McCarran Amendment was not intended to impose on 

the states a federal definition of "river system or other 

source." Rather, as the Court held in Colorado River 

Water Conservation District v. United States, 424 U.S. 

800, 819, 96 S. Ct. 1236, 1247, 47 L.Ed.2d 483 (1976): 

   The consent to jurisdiction  [***39]  

given by the McCarran Amendment be-

speaks a policy that recognizes the availa-

bility of comprehensive state systems for 

adjudication of water rights as the means 

for achieving [the goal of avoiding 

piecemeal adjudication of interdependent 

water rights by resolving them in a single 

unified proceeding]. 

 

  

The United States has cited no authority supporting its 

reading of the McCarran Amendment, 11 but there is con-

trary precedent.  In United States v. Oregon Water Re-

sources Department, 774 F. Supp. 1568, 1578 

(D.Ore.1991), the court wrote: 

   Finally, the United States and the Tribe 

argue that because the adjudicative pro-

cedures of the State of Oregon do not call 

for simultaneous adjudication of rights to 

surface water and rights to groundwater 

within a given river system, the adjudica-

tion is not comprehensive within the 

meaning of the McCarran Amendment.  

The language of the McCarran Amend-

ment does not support this construction, 

and the United States and the Tribe point 

to no provision in the legislative history 

and no case precedent, state or federal, in 

support of this construction of the 

McCarran Amendment. 

 

  

This correctly states the law. 

 

11    The United States provided this court with 

a copy of an unpublished decision of a California 

superior court in which the court granted a feder-

al motion to dismiss on the ground that the pro-

ceeding was not comprehensive because it did not 

include groundwater users.  We do not find that 

to be persuasive authority.  In any event, the 

California court did not base its decision on what 

it perceived to be a rule of general application but 

on the peculiar facts of the case before it. 

 [***40]  We believe that the trial court may adopt 

a rationally based exclusion for wells having a de mini-

mis effect on the river system.  Such a de minimis ex-

clusion effectively allocated to those well owners what-

ever amount of water is determined to be de minimis.  It 

is, in effect, a summary adjudication of their rights.  A 

properly crafted de minimis exclusion will not cause 

piecemeal adjudication of water rights or in any other 

way run afoul of the McCarran Amendment.  Rather, it 

could simplify and accelerate the adjudication by reduc-

ing the work involved in preparing the hydrographic 

survey reports and by reducing the number of contested 

cases before the special master.  Presumably, Congress 

expected that water rights adjudications would eventual-

ly end.  It is sensible to interpret the McCarran Amend-

ment as permitting the trial court to adopt reasonable 

simplifying assumptions to allow us to finish these pro-

ceedings within the lifetime of some of those presently 

working on the case. 

 

CONCLUSION  

We vacate the portion of the trial court's September 

8, 1988 order that formulated the 50%/90 day rule. We 

remand the matter to the trial judge to take evidence and, 

by applying the principles [***41]  contained in this 

opinion, determine the criteria for separating appropria-

ble subflow from percolating groundwater.  
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I. CHRONOLOGY OF PROCEEDINGS 

This report addresses the objections filed to the Subflow Technical Report, San Pedro River 

Watershed (2002) (“Subflow Report”) prepared by the Arizona Department of Water Resources 

(“ADWR”).1 ADWR filed the Subflow Report pursuant to the trial court’s directive to supplement 

the department’s prior Report Concerning Implementation of the Arizona Supreme Court’s Decision 

on Subflow (2001). The reports recommend procedures to implement the subflow criteria and a cone 

of depression test in accordance with the Arizona Supreme Court’s Gila II2 and Gila IV 3 decisions. 

Those decisions, arising from the same interlocutory review appeal, deal with subflow, an issue 

extensively litigated in this adjudication since 1987. 

The Gila River Adjudication will determine or establish “the extent and priority of the rights 

of all persons to use water in [the Gila] river system and source.”4 A “river system and source” 

includes “all water appropriable” under A.R.S. § 45-141.5 The Arizona Supreme Court has held that 

                                                                 

1 The pleadings and orders filed in the proceedings before the Special Master are available at the office of the 
Clerk of the Maricopa County Superior Court, 601 West Jackson Street, Phoenix, Arizona 85003, under Civil 
No. W1-103 (contact Tina Barrett or Veronica Olivas at 602-506-1351). Electronic copies of the orders are 
posted at http://www.supreme.state.az.us/wm/ on the page titled Gila River Adjudication (In re Subflow 
Technical Report, San Pedro River Watershed). 
2 In re the General Adjudication of All Rights to Use Water in the Gila River System and Source, 175 Ariz. 
382, 857 P.2d 1236 (1993) (“Gila II”). The Supreme Court framed the interlocutory review issue as, “Did the 
trial court err in adopting its 50%/90 day test for determining whether underground water is ‘appropriable’ 
under A.R.S § 45-141.” 175 Ariz. at 386, 857 P.2d at 1240. 
3 In re the General Adjudication of All Rights to Use Water in the Gila River System and Source, 198 Ariz. 
330, 9 P.3d 1069 (2000), cert. denied sub nom. Phelps Dodge Corp. v. U.S., 533 U.S. 941 (2001) (“Gila IV”). 
In Gila II, the Arizona Supreme Court remanded to the trial court, which after further hearings issued a ruling 
whose appeal to the Supreme Court resulted in Gila IV. Gila II and Gila IV sought to resolve “the ambiguities 
and uncertainties left by” the Court’s decision in Maricopa County Mun. Water Conservation Dist. No. 1 v. 
Southwest Cotton Co., 39 Ariz. 65, 4 P.2d 369 (1931), modified and reh’g. denied, 39 Ariz. 367, 7 P.2d 254 
(1932) (“Southwest Cotton”). 175 Ariz. at 389, 857 P.2d at 1243. 
4 A.R.S. § 45-251(2). 
5 A.R.S. § 45-251(7). 
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“[b]ecause subflow is considered part of the surface stream, it is appropriable as such under § 45-

141(A).”6 Therefore, a well pumping subflow is subject to the adjudication. 

In Gila IV, the Supreme Court defined the subflow zone as the saturated floodplain Holocene 

alluvium and set forth three tests to determine if a well is subject to the adjudication because it 

pumps subflow: 

1. All wells located within the lateral limits of the subflow zone are subject to this 
adjudication; 

2. [A]ll wells located outside the subflow zone that are pumping water from a stream 
or its subflow, as determined by DWR’s analysis of the well’s cone of depression, are 
included in this adjudication; and 

3. [W]ells that, though pumping subflow, have a de minimis effect on the river system 
may be excluded from the adjud ication based on rational guidelines for such an 
exclusion, as proposed by DWR and adopted by the trial court.7 

Whether ADWR’s proposed procedures to delineate the lateral limits of the subflow zone, 

implement a cone of depression test, and set rational guidelines for de minimis water uses comport 

with the Supreme Court’s decisions are the central issues addressed in this report. 

Chapter I of this report describes the proceedings. Chapters II, III, IV, and V address the 

issues raised in Chapters 2, 3, 4, and 5, respectively,  of the Subflow Report. Chapters VI, VII, and 

VIII relate to future proceedings before the trial court regarding this report. The Special Master has 

considered all the papers, declarations, testimony, thirty-eight admitted exhibits, and oral arguments. 

A. The Technical Reports 

At the trial court’s hearing held on September 27, 2001, counsel inquired as to ADWR’s 

plans to propose criteria for determining the subflow zone. ADWR answered it had “internally been 

                                                                 

6 198 Ariz. at 334, 9 P.3d at 1073. 
7 198 Ariz. at 344, 9 P.3d at 1083. 
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discussing the issues related to developing subflow criteria.”8 The court directed ADWR to file a 

report describing its “proposals for determining the subflow criteria for purposes of this 

adjudication.”9 The court allowed parties to file responses to the report and set a hearing on January 

8, 2002, to consider the report and responses. 

On December 18, 2001, ADWR filed a Report Concerning Implementation of the Arizona 

Supreme Court’s Decision on Subflow. The San Carlos Apache Tribe, Tonto Apache Tribe, and 

Yavapai-Apache Nation (collectively “Apache Tribes”);  Arizona Public Service (“APS”); Phelps 

Dodge Corporation (“Phelps Dodge”) ; ASARCO Incorporated (“ASARCO”); BHP Copper, Inc. 

(“BHP”); Inscription Canyon Ranch; Baca Float Water Company; Cities of Chandler, Glendale, 

Mesa, and Scottsdale (collectively “Cities”); City of Phoenix (“Phoenix”) ; Gila River Indian 

Community (“GRIC”) ; Gila Valley and Franklin Irrigation Districts (collectively “Upper Valley 

Irrigation Districts”) ; Salt River Project (“SRP”); State of Arizona Agency Claimants (“State of 

Arizona”); United States; and The Nature Conservancy (“Nature Conservancy”) filed responses to 

the report or joinders to others’ comments.10 

On January 8, 2002, during the hearing of ADWR’s report and the responses, the trial court 

directed “ADWR to prepare another more specific and detailed report pertaining to the San Pedro 

River watershed.…”11 The court’s order issued later stated: 

To promote an efficient and accurate determination of the jurisdictional subflow 
zones, ADWR shall prepare a supplemental report specifically identifying and 
describing the procedures and processes it proposes to use to establish the limits of the 
subflow zone within the San Pedro River watershed. This report shall include the 
following: 

1. A proposal for determining the subflow zone that includes more than just 
consideration of the saturated lateral extent of the Holocene alluvium. The Court has 

                                                                 

8 Sept. 27, 2001 Minute Entry 4 (Oct. 25, 2001). 
9 Id. 
10 Several parties filed jointly, but each party will be listed separately in this report. 
11 Jan. 8, 2002 Minute Entry 2 (Jan. 22, 2002). 
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considered ADWR’s position that the decision of the Arizona Supreme Court in “Gila 
IV” requires that the subflow zone be initially delineated by simply mapping the 
saturated lateral limits of the floodplain of this alluvium. Many claimants object to 
this procedure and assert that AWDR’s current proposal is not legally sufficient. The 
Court notes that the guidelines set forth in Gila IV direct ADWR to use all criteria 
geologically and hydrologically appropriate for subflow determination in each 
watershed. Even if ADWR is correct about the tasks mandated by Gila IV to 
determine the subflow zone, the work required to address the othe r considerations 
mentioned in Gila IV will serve to confirm the accuracy of ADWR’s determinations. 
Therefore, in determining the subflow zone in the San Pedro River watershed ADWR 
shall use a methodology that addresses the appropriate use, if any, of each of the 
criterion listed in Gila IV, as well as any other relevant factors that will be helpful in 
insuring that ADWR’s subflow zone determination is completed using all reasonable 
means to arrive at results that are as accurate as possible; 

2. A test for determining if a well’s cone of depression is withdrawing water from the 
subflow zone; 

3. A set of rational guidelines for determining whether a given well, though pumping 
subflow, has a de minimis effect on the river system; 

4. A method for including both perennial and intermittent streams as part of the 
subflow analysis, including streams that historically contained perennial or 
intermittent flows, but which now are ephemeral due to development and other human 
initiated actions. The Court recognizes this direction makes ADWR’s task more 
complicated and expects the department to formulate a proposal using readily 
available historical data that will permit determination of water levels and locations as 
of date(s) prior to widespread diversion and depletion of Arizona’s stream flows. 
Effluent- fed streams are also to be included as part of ADWR’s analysis; and 

5. A timeline for completion of the tasks outlined in the report. A similar timeline for 
the Upper Gila River and Verde River watersheds is also to be submitted. 

ADWR’s supplemental report shall be filed on or before March 29, 2002 and shall 
contain a certification by the ADWR Director that he has read and is familiar with the 
proposal set forth in the report. 

After the report is filed, claimants and parties shall have until May 13, 2002 [note: on 
May 7, 2002, upon motion, the Court granted additional time to respond until June 
17, 2002] to file objections or requested revisions to the report. These comments may 
be presented by legal memorandum, exhibits and /or sworn declarations of experts. 

After receipt of all timely filed objections, the Court will review ADWR’s proposal 
and party comments. It is likely the Court will enter an order after this review 
directing ADWR as to how it is to proceed. Should the Court determine that further 
information or explanation is needed, the matter will be referred [to] the Special 
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Master for hearing. The declarations submitted by the parties will serve as the direct 
testimony at any hearing scheduled by the Special Master. The only testimony to be 
received at any scheduled hearing will be by way of cross-examination (and, perhaps, 
some limited redirect examination).12 

On March 29, 2002, ADWR filed the Subflow Report. The report sets forth ADWR’s 

proposed procedures to delineate the lateral extent of the subflow zone, implement a cone of 

depression test, establish guidelines for de minimis water uses, and schedules to implement the 

methodologies in the Gila River Adjudication. 13 

On June 17, 2002, comments, objections, and joinders were filed by the Apache Tribes; 

Arizona Geological Survey; APS; Phelps Dodge; ASARCO; Arizona Water Company; Bella Vista 

Water Company (“Bella Vista”); BHP; Cities; City of Flagstaff; City of Safford (“Safford”) ; DYM, 

Inc.; Painted Rock Ranches; Paloma Ranch Investments, Inc. (“Paloma Ranch”) ; Rio Rico 

Properties, Inc. (“Rio Rico”); Tonopah Irrigation District (“Tonopah”); GRIC; Upper Valley 

Irrigation Districts; City of Goodyear; George E. Price on behalf of the Long Meadow Ranch 

Property Owners Association; City of Benson; Valory Strausser individually and on behalf of Lower 

San Pedro River Landowners; Phoenix; SRP; State of Arizona; United States; City of Sierra Vista 

(“Sierra Vista”) ; City of Tucson (“Tucson”) ; City of Sedona, Town of Jerome, Town of Clarkdale, 

City of Cottonwood, and Town of Camp Verde (collectively “Verde Valley Communities”); Verde 

Valley Water Users Association, Inc. by officers and directors Ray Wrobley, Mary Margaret 

Kovacovich, and John Kovacovich; and the County of Yavapai. 

The following expert witnesses filed sworn declarations on June 17, 2002: 

1. Kirk C. Anderson, Ph.D. (Upper Valley Irrigation Districts). 

                                                                 

12 Minute Entry (Jan. 22, 2002) (“Ballinger Order”). 
13 The report has six chapters: Chapter 1 Introduction; Chapter 2 Subflow Zone; Chapter 3 Cone of 
Depression; Chapter 4 De Minimis Uses; Chapter 5 Summary and Implementation; and Chapter 6 References 
Cited. The attachments include one table, five figures, six plates, and nine appendices. An electronic copy of 
the report is posted at http://www.water.az.gov under Publications and Adjudications. 
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2. Philip C. Briggs, P.E. (Verde Valley Water Users Association, Inc. by officers and 
directors Ray Wrobley, Mary Margaret Kovacovich, and John Kovacovich). 

3. Jon R. Ford (SRP). 

4. T. Allen J. Gookin, P.E., R.L.S., P.H. (GRIC). 

5. Eric J. Harmon, P.E. and Mark R. Palumbo (APS and Phelps Dodge). 

6. W. Gerald Matlock, P.E., Ph.D. (Upper Valley Irrigation Districts). 

7. Peter A. Mock, Ph.D., R.G. (GRIC). 

8. Errol L. Montgomery, Ph.D., P.G. and Thomas W. Anderson, P.H. (BHP). 

9. Oliver S. Page, R.G., Peter M. Pyle, R.G., C.Hg., and Jean M. Moran, R.G., C.Hg. (United 
States). 

10. Doug Toy, P.E. (Cities). 

B. Order of Reference to the Special Master 

Following a hearing held on January 22, 2003, the trial court referred “the consideration of 

the responses and objections filed to the Subflow Report to the Special Master,” who “[a]fter 

reviewing the matter and holding such hearings as he deems necessary…shall prepare a report to the 

Court setting forth his recommendations as to whether the Subflow Report should be adopted in 

whole or in part or modified.”14 The order of reference did not direct the Special Master to make 

findings of fact and conclusions of law. 15 

C. Issues Set for Briefing and Hearing 

On April 10, 2003, the Special Master held a conference to discuss the scope of the Special 

Master’s report and establish procedures to comply with the order of reference. SRP, Upper Valley 

                                                                 

14 Order 1 (Feb. 21, 2003). 
15 Ariz. R. Civ. P. 53(h) states, “The master shall prepare a report upon the matters submitted to the master by 
the order of reference and, if required to make findings of fact and conclusions of law, the master shall set 
them forth in the report.” This matter does not involve the determination of any individual water uses. 
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Irrigation Districts, and the Verde Valley Communities submitted proposed issues for resolution. 

APS and Phelps Dodge filed comments to the proposed issues. 

The Special Master considered all the comments and proposed issues, and on April 25, 2003, 

issued an order: 

1. Setting the following issues for briefing prior to the cross-examination of witnesses: 

a. Should ADWR’s subflow analysis consider predevelopment or current 
stream flow conditions? 

b. Should ADWR consider the criteria specified in Gila IV to identify the 
subflow zone or have the criteria already been taken into account in the Arizona 
Supreme Court’s holding that the saturated floodplain Holocene alluvium is the 
subflow zone? 

c. In addition to analyzing a well’s drawdown at the subflow zone, should 
ADWR report the cumulative effect of wells or of groups of wells? 

d. Should ADWR’s findings be reported in supplemental contested case 
hydrographic survey reports (HSRs) (“case-by-case”) or in a supplemental San Pedro 
River Watershed HSR (“the entire watershed”), which identifies the subflow zone, 
wells reaching and depleting a stream, and de minimis water rights? 

2. Allowing parties to file sworn rebuttal declarations on or before June 27, 2003, 
limited to rebutting the opinions or information contained in the initial sworn 
declarations and not present ing any new matters not contained in those declarations. 

3. Setting a hearing for the cross-examination of witnesses on October 21 and 22, 
2003. 

4. Directing that the cross-examination of witnesses would address, but would not be 
limited to, the following matters: 

Location of Subflow Zone 

a. Are ADWR’s recommendations for locating perennial, intermittent, and 
effluent-fed streams valid? 

b. Does ADWR’s recommendation that the entire lateral extent of the 
floodplain Holocene alluvium be assumed to be saturated comport with Gila IV? 
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c. Is ADWR’s recommended assumption for effluent- fed streams “that the 
sediments immediately beneath these reaches are unsaturated due to clogging layers” 
valid? 

d. Are ADWR’s recommendations sufficient to identify and exclude tributary 
aquifers and basin fill saturated zones? 

Cone of Depression Test 

a. Does ADWR’s recommended drawdown of greater than or equal to 0.1 foot, 
where the cone of depression has reached the edge of the subflow zone, comport with 
Gila IV? 

b. Does ADWR’s recommended condition that the water level in a well be 
below the water level in the subflow zone during pumping comport with Gila IV? 

c. What is the accuracy and reliability of analytical (THWELLS) and 
numerical (MODFLOW) models for the cone of depression test? 

d. Is ADWR’s recommendation that the impact of a well be measured “at the 
time of the modeling” scientifically valid? 

e. Should ADWR recommend a methodology to evaluate the impact of wells 
perforated below an impervious formation within the limits of the subflow zone?16 

The Special Master indicated the four issues set for briefing would be ruled upon prior to the 

cross-examination of the expert witnesses. Memoranda, responses, and replies were filed between 

June 6, 2003, and August 11, 2003. Oral argument was not set. 

D. Discovery 

A discovery issue arose prior to the submission of briefs. The United States requested 

clarification of permissible discovery after being served with a request for documents by the Upper 

Valley Irrigation Districts. The request sought copies of forty documents listed by the United States’ 

expert witnesses in their credentials. 

On August 7, 2003, the Special Master issued an order stating that formal discovery of other 

than the disclosure of the sworn declarations, by means of depositions, interrogatories, production of 
                                                                 

16 Special Master’s Order Setting Briefing Schedule and Hearing 3-4 (Apr. 25, 2003). 
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documents or things, inspections, examinations, and requests for admissions was not contemplated in 

this proceeding,  but informal discovery of not more than eight reports described or listed in the  

declarations would be allowed. Informal discovery was to be completed by October 7, 2003. 

E. Rebuttal Declarations  

On June 27, 2003, the following expert witnesses filed rebuttal declarations: 

1. Mr. Briggs (Verde Valley Water Users Association, Inc. by officers and directors Ray 
Wrobley, Mary Margaret Kovacovich, and John Kovacovich). 

2. Mr. Ford (SRP). 

3. Mr. Gookin (GRIC). 

4. Messrs. Harmon and Palumbo (APS and Phelps Dodge). 

5. Mr. Michael J. Lacey (Bella Vista and Pueblo Del Sol Water Company (“Pueblo Del 
Sol”)). 

6. Mr. Ralph P. Marra, Jr. (Tucson). 

7. Dr. Mock (GRIC). 

8. Dr. Matlock (Upper Valley Irrigation Districts, Verde Valley Communities, and the 
Maricopa-Stanfield and Central Arizona Irrigation and Drainage Districts). 

9. Dr. Montgomery and Mr. Anderson (BHP). 

10. Messrs. Page and Pyle (United States). 

11. Mr. Toy (Cities). 

F. Special Master’s Proposed Rulings 

On September 8, 2003, the Special Master issued proposed rulings for the four issues briefed 

prior to the hearing. The order stated the rulings “may be modified in accordance with relevant 
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testimony, credible evidence, or persuasive argument presented during the examination of witnesses 

on October 21 and 22, 2003.”17 

The issues and a summary of the rulings are as follows: 

Issue 1: Should ADWR’s subflow analysis consider predevelopment or current stream 
flow conditions? 

1. ADWR’s subflow analysis shall consider predevelopment stream flow conditions. 

2. The date of predevelopment shall be a chronological year or a range of years 
immediately prior to widespread diversion and depletion of the stream’s flows as a 
result of any human activity. 

Issue 2: Should ADWR consider the criteria specified in Gila IV to identify the 
subflow zone or have the criteria already been taken into account in the Arizona 
Supreme Court’s holding that the saturated floodplain Holocene alluvium is the 
subflow zone? 

1. The criteria specified in Gila IV to identify or delineate the subflow zone have 
already been taken into account in the Arizona Supreme Court’s holding that the 
saturated floodplain Holocene alluvium is the subflow zone. 

2. If ADWR is unable by using the means it proposes to identify or delineate the 
subflow zone in a stream segment, ADWR is directed to use the criteria specified in 
Gila IV and any other relevant factors that are appropriate for the particular location to 
delineate the subflow zone. 

Issue 3: In addition to analyzing a well’s drawdown at the subflow zone, should 
ADWR report the cumulative effect of wells or of groups of wells? 

1. A well’s drawdown at the subflow zone shall be analyzed individually for each 
well. 

2. The Special Master will not decide in this order whether ADWR should report the 
cumulative effect of wells or of groups of wells. A ruling will be made after 
considering the evidence presented at the October hearing. 

Issue 4: Should ADWR’s findings be reported in supplemental contested case 
hydrographic survey reports (HSRs) (“case-by-case”) or in a supplemental San Pedro 
River Watershed HSR (“the entire watershed”), which identifies the subflow zone, 
wells reaching and depleting a stream, and de minimis water rights? 

                                                                 

17 Special Master’s Order Determining Issues 1 Through 4, 11 (Sept. 8, 2003). 
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1. The Special Master recommends the following schedule for the San Pedro River 
Watershed: 

A. After the Superior Court adopts or modifies the Special Master’s report 
recommending the procedures and processes to delineate the subflow zone within the 
San Pedro River Watershed and a cone of depression test, ADWR is directed to 
prepare a map delineating the subflow zone for the entire San Pedro River Watershed. 
ADWR shall submit this map and related information in a technical report and not in 
any form of HSR. The scope of the technical report shall be limited to delineating the 
subflow zone. 

B. Upon filing its technical report with the Superior Court, ADWR shall send a notice 
to all claimants in the San Pedro River Watershed and the parties listed in the Gila 
River Adjudication Court-Approved Mailing List informing them of the scope and 
availability of the report and of a claimant’s right to file written objections to the 
report and of the deadline for filing objections. 

C. Any claimant in the San Pedro River Watershed may file a written objection to 
ADWR’s technical report within 120 days of the date on which the report was filed. 
Objections shall be limited to ADWR’s findings regarding the subflow zone. 

D. After considering the objections, the Superior Court will approve the map that 
delineates and establishes the subflow zone for the San Pedro River Watershed. 

E. Using the cone of depression test adopted by the Superior Court, ADWR will 
analyze wells located outside the lateral limits of the subflow zone to determine if the 
well’s cone of depression reaches an adjacent subflow zone, and if continuing 
pumping will cause a loss of such subflow as to affect the quantity of the stream. 
ADWR will examine the other water right claims to determine de minimis water rights 
in the San Pedro River Watershed in accordance with the Superior Court’s September 
26, 2002, order. ADWR will investigate and supplement, as needed, its findings 
reported in the 1991 Final San Pedro River Watershed HSR. 

F. ADWR publishes a Supplemental Final San Pedro River Watershed HSR reporting 
its findings on a claim by claim basis, in accordance with A.R.S. § 45-256(B), 
including wells withdrawing subflow, cone of depression analyses, de minimis water 
rights, and all other updated information. 

G. ADWR shall send a notice of the filing of the Supplemental Final San Pedro River 
Watershed HSR to all claimants in the Gila River Adjudication, who may file 
objections within 180 days of the date on which the report was filed. 

2. The Special Master will direct ADWR to file the supplemental contested case HSR 
for In re Fort Huachuca after the Superior Court has approved the map delineating the 
subflow zone for the San Pedro River Watershed. 
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3. The Special Master recommends that this schedule be adopted for all the 
watersheds in the Gila River Adjudication subject to modifications that may be proper 
as a result of experience with this process.18 

G. ADWR’s Proposed Use of Soil Surveys and Expert Declarations  

On September 25, 2003, ADWR filed a notice stating it had recently become aware of soil 

survey maps published for a portion of Cochise County that ADWR believes should be used to 

determine the lateral limits of the subflow zone. ADWR proposes to use the soil survey maps, 

prepared under the auspices of the Natural Resources Conservation Service (“N RCS”) (part of the 

United States Department of Agriculture) working with other federal, state, and local agencies, to 

delineate the lateral extent of the subflow zone. The soil survey maps would be used instead of the 

surficial geology maps described in section 2.4 of the Subflow Report. ADWR indicated that soil 

survey maps will in the future be available for the entire San Pedro River Watershed and for other 

areas of the Gila River Adjudication. 

The Soil Survey of Cochise County, Arizona, Douglas-Tombstone Part (2002) was based on 

major field work, cropland mapping, and rangeland mapping completed in 2000.19 The “soil survey 

is an inventory and evaluation of the soils in the survey area” that “can be used to identify the 

potentials and limitations of each soil for specific land uses and to help prevent construction failures 

caused by unfavorable soil properties.”20 The 734-page report describes 152 soil map units within the 

survey area. One unit was not mapped because the landowner denied access. The report contains 

maps of the soil units with the classification of the soil series and their morphology found within 

each unit. Appendix A of ADWR’s notice contains copies of several pages of the report that describe 

how the survey was completed. 
                                                                 

18 Id. 
19 An electronic copy of the report is posted at http://www.water.az.gov under Publications and Adjudications. 
20 ADWR Notice of Recently Published Soil Survey Maps for Cochise Co. app. A (NRCS Soil Survey Report 
187) (Sept. 25, 2003) (“ADWR Notice of Recently Published Soil Survey Maps”). 
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ADWR proposes to use NRCS survey AZ671 to delineate the lateral extent of the floodplain 

Holocene alluvium along the San Pedro River between the International Border and St. David, 

Arizona. ADWR submitted soil survey maps covering the Hereford, Fairbank, and Land 7.5-minute 

Quadrangles for this river segment (Appendices C, D, and E, respectively). The State Soil Scientist 

provided the approximate geologic age of each soil unit shown on the three maps (Appendix F). 

On October 8, 2003, APS and Phelps Dodge requested additional time to analyze and submit 

expert testimony on ADWR’s proposed use of the soil surveys. BHP, Casa Grande, and the Verde 

Valley Communities filed joinders to the motion. SRP and the United States opposed the motion. 

During the conference held on October 10, 2003, the Special Master stated he would take up the 

request after the hearing. 

At the conclusion of the hearing on October 22, 2003, the Special Master granted the request 

for additional time. The ruling was memorialized in an order issued on October 28, 2003. The order 

allowed parties to file sworn declarations that would “serve as the direct testimony of the expert 

witness if a hearing is held,” and to file sworn rebuttal declarations “limited to rebutting the opinions 

or information contained in the sworn declarations filed on or before December 8, 2003, and shall not 

present any new matters not contained in those declarations.”21 A hearing to cross-examine the 

expert declarants was not set or held. 

The following experts filed sworn declarations on December 8, 2003: 

1. Marshall P. Brown, P.E. (Cities). 

2. Mr. Ford (SRP). 

3. Mr. Gookin (GRIC). 

4. Mr. Harmon (APS and Phelps Dodge). 
                                                                 

21 Special Master’s Order Allowing Filing of Sworn Declarations Regarding the Proposed Use of Soil Surveys 
2 (Oct. 28, 2003). 
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5. Dr. Mock (GRIC). 

6. Dr. Montgomery (BHP). 

7. Mr. Page (United States). 

The Upper Valley Irrigation Districts, Casa Grande, and the Verde Valley Communities filed 

joinders to Mr. Harmon’s declaration. 

On January 12, 2004, Mr. Ford (SRP), Mr. Gookin (GRIC), Dr. Mock (GRIC), and Mr. Page 

(United States) filed sworn rebuttal declarations. At the October 21, 2003, hearing, ADWR presented 

the direct testimony of Richard T. Burtell, P.G. regarding the proposed use of the soil surveys. 

H. Prehearing Proceedings 

On October 8, 2003, the Special Master held a telephonic conference “to consider any matters 

that will facilitate the orderly and efficient conduct of cross-examination at the hearing set on 

October 21 and 22, 2003.”22 Procedural matters and two prehearing motions were taken up during 

the conference. A deadline was set to file responses to (1) the request of APS and Phelps Dodge for 

additional time to analyze and submit expert testimony on ADWR’s proposed use of the soil surveys, 

and (2) a motion in limine filed a week earlier. A request to reschedule the cross-examination of 

witnesses was denied. Parties were directed to premark exhibits, exchange copies of exhibits, and 

reintroduce as a new exhibit any exhibit that had been introduced during a prior hearing in this 

adjudication. ADWR was requested to present additional information in the form of direct testimony 

regarding the proposed use of the soil surveys. 

On October 3, 2003, the Upper Valley Irrigation Districts, Casa Grande, Central Arizona 

Irrigation and Drainage District, and the Verde Valley Communities filed a Motion in Limine to 

Exclude All Expert Testimony Re Legal Issues and To Exclude T. Allen J. Gookin’s Rebuttal 

                                                                 

22 Special Master’s Order Setting Prehearing Telephonic Conference 2 (Sept. 29, 2003). 
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Reports and Testimony. ASARCO filed a joinder. APS, Phelps Dodge, and the State of Arizona  

supported the motion, which the Apache Tribes, GRIC, SRP, and the United States opposed. The 

movants argued that Messrs. Ford, Gookin, and Page, and Dr. Mock had in their declarations stated 

opinions on legal issues, or outside their areas of expertise, or beyond the scope allowed by the 

Special Master. 

At the start of the hearing on October 21, 2003, the Special Master granted the motion in part 

and denied it in part. The ruling announced in open court was as follows: 

1. None of the sworn declarations, reports, and affidavits will be excluded in its 
entirety on the grounds of inadmissibility of expert opinions on questions of law, 
opinions outside the scope of the expert’s competency, and relevance. 

2. The Special Master will determine the weight and credibility to give to a sworn 
declaration, report, affidavit, or testimony that states an expert’s understanding or 
views of a legal opinion or holding. 

3. Any sworn declaration or testimony that in the opinion of the Special Master rises 
to the level of being a conclusion of law will be disregarded. 

4. Any testimony that is based on pure speculation or conjecture will be disregarded. 

5. Little, if any, weight would be given to any testimony about perceived inequities in 
Arizona’s or other states’ water laws, the future of Arizona’s water laws or water 
resources management, the unstated intent and goals of court decisions, judges, and 
statutes, and how the Arizona Supreme Court should have or could have defined the 
subflow zone differently than it did in Gila IV.23 

On October 14, 2003, reiterating an oral request made during the telephonic conference, 

GRIC filed a Motion for Reciprocal Treatment of All Expert Witness Reports, Declarations, Rebuttal 

Declarations, Affidavits, and/or Testimony with Regard to the October 3, 2003, Motion In Limine. 

The Upper Valley Irrigation Districts and the Verde Valley Communities opposed the motion. At the 

hearing on October 21, 2003, the Special Master adopted the ruling on the motion in limine as the 

                                                                 

23 Hrg. Tr. 11:17-12:11 (Oct. 21, 2003). 
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ruling on this motion and granted GRIC’s motion to the extent that the relief requested was granted 

in the ruling on the motion in limine. 

I. Participation of the Verde Valley Water Users, Inc. 

Mr. Ray Wrobley, Ms. Mary Margaret Kovacovich, and Mr. John Kovacovich, “as officers 

and directors of Verde Valley Water Users, Incorporated, an Arizona non-profit corporation,” filed a 

response to the Subflow Report which included Mr. Briggs’ sworn declaration. 24 During the October 

10, 2003, telephonic conference, Phoenix objected that because the corporation is neither a claimant 

nor a party in the Gila River Adjudication it should not be allowed to participate in this proceeding. 

The Verde Valley Water Users, Inc. has not filed a statement of claimant in this adjudication. 

Mr. Wrobley, Ms. Kovacovich, and Mr. Kovacovich have, however, filed statements of claimant for 

their individual water uses.25 After further discussion, counsel for the Verde Valley Water Users, Inc. 

stated that “he did not object to Mr. Briggs’ testimony being offered on behalf of the persons who 

filed the statements of claimant listed in the filings of Mr. Briggs’ declarations.”26 

The issue was again taken up at the end of the first day of hearing. No evidence was 

presented showing that the Verde Valley Water Users, Inc. has been served with a summons or has 

filed a statement of claimant in this adjudication. The adjudication statutes provide that only a 

“claimant” “may file written objections” to ADWR’s reports, “have a fair and reasonable opportunity 

to present evidence in support of or in opposition to [ADWR’s] recommendations,” and “may enter 

into agreements regarding the attributes, satisfaction or enforcement” of water rights in relation to 

                                                                 

24 Verde Valley Water Users, Inc.’s Response 1 (June 17, 2002). 
25 At the conference, it was unclear who had filed the statements of claimant listed in the response. At the 
hearing, it was clarified that these individuals have filed claims, and the correct numbers are for Mr. Wrobley 
39-05-55886, and for Ms. Kovacovich and Mr. Kovacovich 39-05-50030 through 39-05-50034, inclusive. 
26 Special Master’s Corrected Minute Entry 2 (Oct. 16, 2003). 
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other claimants.27 Under the pretrial orders in this adjudication a claimant is a person who has filed a 

statement of claimant.28 A corporation which has not been served a summons or has not filed a 

statement of claimant may not participate as a party in the adjudication. The Special Master ruled 

that Mr. Briggs would be allowed to testify on behalf of Mr. Wrobley, Ms. Kovacovich, and Mr. 

Kovacovich as individual claimants but not on behalf of the corporation. 29 

J. Hearing 

The Apache Tribes, APS, Phelps Dodge, Bella Vista, Pueblo Del Sol, BHP, Cities, GRIC, 

Upper Valley Irrigation Districts, Verde Valley Communities, Mr. Wayne D. Klump, Mr. Ray 

Wrobley, Ms. Mary Margaret Kovacovich, Mr. John Kovacovich, Safford, Paloma Ranch, Rio Rico, 

Tonopah, SRP, Tucson, and the United States participated in the cross-examination of the expert 

witnesses. Thirty-eight exhibits were admitted. The order of appearance of the expert witnesses was 

as follows: 

On October 21, 2003: 1. Richard T. Burtell, P.G. (ADWR). 

2. Dale A. Mason (ADWR). 

3. Dr. Montgomery (BHP). 

4. Mr. Page (United States). 

5. Dr. Matlock (Upper Valley Irrigation Districts). 

On October 22, 2003: 6. Mr. Ford (SRP). 

7. Mr. Briggs (Mr. Wrobley, Ms. Kovacovich, and Mr. Kovacovich). 

8. Mr. Gookin (GRIC). 

9. Mr. Harmon (Phelps Dodge). 
                                                                 

27 A.R.S. §§ 45-256(B) and 45-257(C). 
28 See Gila River Adjudication Pretrial Orders No. 4 (Jan. 24, 2000) and 5 (Mar. 29, 2000); see also Rules for 
Proceedings Before the Special Master §§ 1.04 (definition of “claimant”) and 1.16 (definition of “parties”). 
29 Hrg. Tr. 240:15-19 (Oct. 22, 2003). 
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10. Mr. Toy (Cities). 

11. Dr. Mock (GRIC). 

12. Mr. Lacey (Bella Vista and Pueblo Del Sol). 

13. Mr. Marra (Tucson). 

K. Posthearing Proceedings 

On December 8, 2003, the Upper Valley Irrigation Districts, Verde Valley Communities, and 

Casa Grande requested to cross-examine Mr. Burtell of ADWR rega rding the proposed use of the 

soil surveys and to allow the parties to present legal arguments and their positions. 

On January 28, 2004, the Special Master denied the request to cross-examine Mr. Burtell for 

the reasons that claimants had prior opportunities to file expert declarations and rebuttal declarations  

regarding ADWR’s proposed use of the soil surveys, and the expert witnesses who had submitted 

declarations had available to them ADWR’s proposal, Mr. Burtell’s testimony, and the extensive 

testimony and evidence presented in this matter. The Special Master ruled that sufficient evidence 

had been presented regarding the appropriateness of using the soil surveys as proposed by ADWR. 

The request for parties to present legal arguments and their positions on all the proposed 

procedures was granted. Parties were allowed to file memoranda, responses, and replies on any issue 

arising from ADWR’s recommended procedures and on any of the proposed rulings issued on 

September 8, 2003. Oral argument was set on May 20, 2004. 

The following parties filed a brief or a joinder: Apache Tribes, State of Arizona, APS, Phelps 

Dodge, ASARCO, Arizona Water Company, Tucson Electric Power Company, Bella Vista, Pueblo 

Del Sol, Sierra Vista, Cities, GRIC, Safford, Paloma Irrigation and Drainage District, Rio Rico, 

Roosevelt Water Conservation District (“Roosevelt”), SRP, Upper Valley Irrigation Districts, Verde 
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Valley Communities, Maricopa-Stanfield Irrigation and Drainage District, Central Arizona Irrigation 

and Drainage District, Casa Grande, and the United States. 

Prior to the last day to file responses, SRP filed objections and a motion for expedited 

consideration of its request to exclude eleven exhibits attached to the Cities’ opening brief. The 

Special Master took up the request on an expedited basis, and on April 7, 2004, granted in part and 

overruled in part SRP’s objections to the exhibits. The objections to five exhibits and a portion of one 

exhibit were overruled on the grounds the Special Master had already considered the exhibits as the 

documents were first filed on June 17, 2002. The objections to three exhibits were overruled, but the 

consideration the Special Master would give to these exhibits was limited to a specific issue on 

which the Cities offered argument. The objections to two exhibits were granted on the grounds they 

were cumulative evidence. 

On May 20, 2004, oral argument lasting almost two and one-half hours was heard, after 

which the matter was deemed submitted. 

II. SUBFLOW ZONE (Chapter 2 of the Subflow Report) 

A. Are ADWR’s recommendations for locating perennial, intermittent, and 
effluent-fed streams valid? 

The trial court directed ADWR to propose: 

A method for including both perennial and intermittent streams as part of the 
subflow analysis, including streams that historically contained perennial or 
intermittent flows, but which now are ephemeral due to development and other human 
initiated actions. The Court recognizes this direction makes ADWR’s task more 
complicated and expects the department to formulate a proposal using readily 
available historical data that will permit determination of water levels and locations as 
of date(s) prior to widespread diversion and depletion of Arizona’s stream flows. 
Effluent fed streams are also to be included as part of ADWR’s analysis.30 

                                                                 

30 Ballinger Order 2. 
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ADWR proposes to identify perennial, intermittent, and effluent- fed streams in the Gila River 

Adjudication area by using information contained in eleven streamflow maps and several technical 

reports. The published maps and reports identify predevelopment perennial streams and recent 

perennial and intermittent streams. ADWR was unable to find a published map that shows 

predevelopment intermittent streams. 

The predevelopment perennial streams are shown in the Hydrologic Investigations Atlas 

(“Atlas,” 1986) compiled by the United States Geological Survey (“USGS”). The recent perennial 

and intermittent streams are depicted on maps prepared by the Arizona Game and Fish Department 

(“AGFD”)  dated 1981, 1993, and 1997. ADWR plans to combine information contained in these 

sources to create a composite map of predevelopment and recent perennial and intermittent streams. 

Using the surface water quality rules of the Arizona Department of Environmental Quality 

(“ADEQ”), ADWR identified three major and 21 minor “effluent dependent waters” within the Gila 

River system, including two reaches in the San Pedro River Watershed.31 

In its June 30, 1994, order regarding subflow, the trial court adopted from ADWR’s 

Technical Assessment32 these definitions of “perennial,” “intermittent,” and “ephemeral” streams: 

Perennial streams discharge water continuously through the year. Their source 
of supply is normally comprised of both direct runoff from precipitation events or 
snow melt, and baseflow derived from the discharge of groundwater into the stream. 

Intermittent streams discharge water for long periods of time, but seasonally. 
For example, an intermittent stream may flow all winter, every winter, but never flow 
continuously during the summer. During seasons when baseflow is maintained, 
groundwater is contributing to the stream. During seasons of discontinuous 
streamflow, natural and cultural losses may be greater than the contribution from 
groundwater, resulting in a losing stream. Or, the amount of groundwater discha rge 
itself may have decreased due to natural or cultural uses. 

                                                                 

31 Subflow Report, app. D; see Ariz. Admin. Code R18-11-113 (Effluent Dependent Waters). 
32 Technical Assessment of the Arizona Supreme Court Interlocutory Appeal Issue No. 2 Opinion (Dec. 15, 
1993, ADWR) (“Technical Assessment”). 
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Ephemeral streams discharge water only in response to precipitation events or 
snowmelt, and do not have a baseflow component at any time of the year; they flow 
out sporadically. The groundwater system and surface water system do not establish a 
hydraulic connection in these systems.33 

Gila IV affirmed the trial court’s order “in its entirety” and “in all respects.”34 

Dr. Mock recommended that the definitions of perennial and intermittent streams be refined 

by limiting intermittent streams to those which are “groundwater- fed,” and by “arbitrarily” defining a 

perennial stream as one that flows “at least 11 months out of each year,” and an intermittent stream 

as one flowing “at least one month per year and less than 11 months per year of flow.”35 He posited 

that “[f]or this adjudication, we are only interested in groundwater-fed intermittent streams,” and 

“arbitrary but useful thresholds of time [will] allow ADWR to make expedient progress in their 

analysis.” 36 

There has not been a judicial determination that the Gila River Adjudication is, or should be, 

only interested in groundwater-fed intermittent streams. An intermittent stream may be spring-fed or 

in high altitude areas carry flows from melting snow. Second, adoption of time frames to classify 

streams could render determinations indefensible due to arbitrariness. Furthermore, the fact these 

definitions were provided to the trial court in a technical report addressing subflow warrants 

recognition tha t ADWR considered generally accepted hydrology principles when it submitted these 

definitions. 

There is general agreement that the maps ADWR selected to identify perennial, intermittent, 

and effluent- fed streams are a good start, but the  maps have limitations that require ADWR to 

                                                                 

33 Order 23-24 (June 30, 1994) (“Goodfarb Order”) quoting the Technical Assessment 6, 9. 
34 198 Ariz. at 334, 344, 9 P.3d at 1073, 1083. 
35 Peter A. Mock Decl. 17 (June 17, 2002). 
36 Id. 
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undertake additional verification. Limitations include the quality of the sources of information and 

inconsistencies, inaccuracies, and omissions in the maps. 

Regarding the USGS Atlas, Dr. Montgomery and Mr. Anderson declared that: 

[S]everal of these maps were based chiefly on observations recorded in journals of 
pioneers traveling through the area, early government survey field notes, and initial 
hydrologic investigations for selected basins. Some of the reports are from casual 
observations recorded by nonprofessionals whose reliability for technical observations 
has not been established; others represent only a single point in time and possibly only 
a limited reach of a stream. 37 

Regarding the AGFD maps, Mr. Page declared that: 

1. There are inconsistencies in the 1993 and 1997 AGFD maps, and “[v]erification is needed 
where reaches are not classified and where definitions in the AGFD classification vary somewhat 
from that of the Trial Court;” 

2. “A more precise definition of the dates of data collection would be helpful” to understand 
the 1993 and 1997 AGFD maps because overlaps of perennial and intermittent streams appear in two 
areas in the San Pedro River Watershed, and the dates “may represent the report or map publication 
date, rather than the date the data actually represents;” and 

3. A 1997 AGFD report relied on by ADWR indicates some stream segments are “in 
dispute,” but these “are not shown or discussed in the ADWR report and need to be clarified.” 

4. A 1998 AGFD map of perennial and intermittent reaches “differ[s] significantly from the 
1993 and 1997 AGFD stream classifications for the San Pedro River, suggesting that the 
classifications are subject to change due to seasonal variation, short term climatic cycles, effects of 
development or other factors. Some discussion of the cause of variations affecting the length and 
permanence of each reach is needed to define the uncertainty associated with the classifications.”38 

Dr. Montgomery and Mr. Anderson declared that ADWR should carefully review certain 

reaches along the Santa Cruz River near Tucson because these reaches “are indicated to contain 

perennial or intermittent flow when, in fact, they previously were reported to be ephemeral flow 

reaches.”39 

                                                                 

37 Errol L. Montgomery and Thomas W. Anderson Decl. 11 (June 17, 2002). 
38 Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 6-7 (June 17, 2002). 
39 Errol L. Montgomery and Thomas W. Anderson Decl. 12 (June 17, 2002). 
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Mr. Gookin identified twelve rivers and creeks and one wash that “historic documentation 

indicates…were, in fact, live rivers,” but under ADWR’s methodology they would not be classified 

“as perennial and/or intermittent.”40 He declared that ADWR needs to obtain additional historical 

evidence to classify these streams. Dr. Mock expressed the same view. 41 

ADWR is aware the maps it has identified do not show some current perennial stream 

reaches, that intermittent reaches currently exist that were not previously identified as perennial, and 

that some intermittent reaches depicted on the 1997 AGFD map are “questionable” and are believed 

to be ephemeral based on recent stream gage data. The maps and reports ADWR has identified are a 

very good start, but additional work must be done to locate perennial, intermittent, and effluent- fed 

streams with more accuracy and reliability. The work could be as narrow as verifying stream 

segments. The tasks could include searching the literature for additional historical and current maps 

and reports; examining notices of appropriation recorded in county recorders’ offices; reviewing 

court records of prior decrees; reviewing geological reports; field investigations; and interpreting 

aerial photography. 

In this work, ADWR must be guided by Gila IV’s holding that “it is critical that any test used 

for determining the boundaries of a subflow zone be as accurate and reliable as possible.”42 The trial 

court likewise directed ADWR to “arrive at results that are as accurate as possible.”43 

Recommendation 1: The Court should direct ADWR to use the definitions of perennial, 

intermittent, and ephemeral streams set forth in the trial court’s June 30, 1994, order. 

Recommendation 2: The Court should direct ADWR to investigate additional sources, 

including historical and current documents, scientific reports, mapping projects, aerial photography, 
                                                                 

40 T. Allen J. Gookin Decl. sec. 1 at 3, 2 (June 17, 2002). 
41 Peter A. Mock Decl. 13-14 (June 17, 2002). 
42 198 Ariz. at 335, 9 P.3d at 1074; see 175 Ariz. at 388-9, 857 P.2d at 1242-3. 
43 Ballinger Order 2. 
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and field investigations to locate perennial, intermittent, and effluent- fed streams with as much 

accuracy and reliability as possible. 

B. Is ADWR’s recommended assumption for effluent -fed streams that were not 
previously perennial, or recently perennial or intermittent, “that the sediments immediately 
beneath these reaches are unsaturated due to clogging layers”44 valid? 

In its directions to ADWR, the trial court directed that “[e]ffluent fed streams are also to be 

included as part of ADWR’s analysis.”45 In the Subflow Report, ADWR lists three major and 21 

minor “effluent dependent waters” within the Gila River system, including two reaches in the San 

Pedro River Watershed. 

ADWR proposes that for effluent-fed streams that were not previously perennial, or recently 

perennial or intermittent, “it be assumed that the sediments immediately beneath these reaches are 

unsaturated due to clogging layers.”46 Therefore, these streams would not undergo subflow analysis. 

According to ADWR,  “it is common for low permeability” clogging layers to be formed by the 

“elevated nutrient and/or organic content of most effluent,” and as layers form along the bed of 

effluent-fed streams, the layers “can restrict the seepage of streamflow and, as a result, can cause the 

sediments beneath the stream to be unsaturated.”47 Bouwer’s textbook is cited for the observation 

that clogging “is primarily a surface phenomenon that rarely extends more than 10 cm [note: 

approximately 4 inches] into the soil and often is restricted to the top centimeter or less [note: less 

than ½ inch].”48 The “area adjacent to and beneath such streams would not, by definition, be 

                                                                 

44 Subflow Report 9. 
45 Ballinger Order 2. 
46 Subflow Report 9. 
47 Id. at 8. 
48 Id. at 9 quoting H. BOUWER, GROUNDWATER HYDROLOGY (McGraw-Hill 1978). 
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characteristic of a jurisdictional subflow zone due to the lack of a hydraulic connection between the 

subflow and the stream.”49 

ADWR further states, “[d]etailed geologic and hydrologic data are needed to confirm the 

presence or absence of clogging layers along effluent fed streams, and the occurrence of unsaturated 

flow beneath these streams. The Department believes these data are generally unavailable at this time 

and would require considerable time and resources to collect in the future.”50 

The basis of the assumption is “the lack of a hydraulic connection” between an effluent- fed 

stream and the subflow. Mr. Gookin declared that “[s]tudies have suggested that effluent does tend to 

lead to plugging, which restricts, but does not eliminate the recharge to the groundwater.”51 In his 

opinion, a clogging layer acts as a restriction only during one of four conditions, namely, periods of 

low flow and when the water table is below the stream. As for the other three conditions: 

If the water table is up to the river, then water flows from the groundwater into the 
river, and the muck at the bottom of the river does not form an appreciable 
restriction…. The third and fourth conditions are periods of high flow with and 
without a high water table. During periods of greater than normal flow, due to storm 
run off or some other event, this layer of muck is rapidly scoured away and recharge 
immediately begins in large amounts, if the aquifer has room to accept the water. 
These recharge amounts can be huge. Further, once the flood has passed, it takes time 
for this effluent plugging to occur again. During that time, the low flow will continue 
to recharge. I am unaware of any situation where effluent has caused recharge to cease 
in a natural environment. It slows it down. It does not stop it.52 (Emphasis added.) 

According to Mr. Gookin, there is a hydraulic connection between an effluent-fed stream and 

the subflow, which can be greater than normal during periods of high flow and varies under other 

conditions. This opinion accords with ADWR’s description that clogging layers have “low 

permeability” (rather than being impermeable). 

                                                                 

49 Subflow Report 9. 
50 Id. 
51 T. Allen J. Gookin Rebuttal Decl. ch. IX, 2 (June 27, 2003). 
52 Id. 
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In Gila II, the Supreme Court approved the trial court’s adoption of “reasonable simplifying 

assumptions” which would facilitate the conclusion of the adjudications.53 The assumption proposed 

for effluent- fed streams due to clogging layers is not reasonable because it cannot be concluded that 

there is a lack or absence of hydraulic connection in effluent- fed reaches between the stream and the 

subflow. The evidence that there is no hydraulic connection due to clogging layers is not conclusive. 

Recommendation 3: The Court should not adopt ADWR’s assumption for effluent- fed 

streams that were not previously perennial, or recently perennial or intermittent, that the sediments 

immediately beneath these reaches are unsaturated due to clogging layers. 

C. Should ADWR use the soil survey maps prepared by the Natural Resources 
Conservation Service to de lineate the lateral limits of the subflow zone? 

ADWR’s proposed use of the NRCS soil survey maps to delineate the subflow zone modifies 

Section 2.4 of the Subflow Report. In that section, ADWR proposed using the best available 

Holocene maps to delineate the lateral extent of the floodplain Holocene alluvium. ADWR believes 

that the NRCS soil survey maps are a better tool. The proposal raised four principal objections: 

1. The maps include soil types “that are of mixed alluvial fan, floodplain, or stream terrace 

origin, not definitively of floodplain origin.”54 

2. The maps include soil types which are not associated with Holocene alluvium. 

3. The maps include ephemeral streams. 

4. The maps contain little site-specific information regarding depth, saturation, or aquifer 

characteristics because soil profiles are described down to 60 inches. 

The first two objections are evident in two of the 7.5-minute quadrangle maps ADWR 

prepared to show the soil survey units. Mr. Burtell testified that the Hereford Quadrangle shows 

                                                                 

53 175 Ariz. at 394, 857 P.2d at 1248. 
54 Eric J. Harmon Soil Surveys Decl. 3 (Dec. 8, 2003). 
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areas of (1) floodplain alluvium of Holocene age and (2) “mixed floodplain and alluvial fan materials 

of Holocene age,” and both areas “would be considered for at least determining where the subflow 

zone is.”55 In the Land Quadrangle,56 Mr. Burtell identified “relic fan deposits” that have been 

preserved within the channel of the San Pedro River, and described an “island” of material that is 

“either not of Holocene age or if it is, it’s not related to floodplain deposits.”57 The soil survey map 

shows that the “island” Mr. Burtell described in the Land Quadrangle (in Soil Unit 2) consists of 

“Pre-Pleistocene to Holocene Non-Floodplain Deposits,” and another island on the same map (in Soil 

Unit 35) is identified as “Pleistocene Stream Deposits and Non-Floodplain Deposits of Various 

Ages.”58 

Mr. Harmon declared that of the eleven soil map units ADWR had identified “as being 

definitive of the floodplain Holocene alluvium,” seven are associated with alluvial fans in addition to 

floodplains, and two units are associated with stream terraces.59 “Alluvial fans are distinctly different 

from floodplain alluvium.”60 The soil survey maps, in short, (1) show the presence of Pre-

Pleistocene, Pleistocene, Holocene non-floodplain, and non-floodplain deposits of various ages 

within the areas ADWR will investigate to determine the lateral extent of the subflow zone, and (2) 

in some areas do not distinguish between floodplain and alluvial fan deposits. 

A group of parties argues that the subflow zone includes all of the floodplain alluvium 

deposited by a river or stream and not just the portion that is of Holocene age. Accordingly, the 

floodplain alluvium may contain Pleistocene deposits and not just Holocene alluvium. Other parties 

                                                                 

55 Hrg. Tr. 25:18-26:1 (Oct. 21, 2003); ADWR Notice of Recently Published Soil Survey Maps, app. C. 
56 ADWR Notice of Recently Published Soil Survey Maps, app. E. 
57 Hrg. Tr. 27:17-20 (Oct. 21, 2003). 
58 ADWR Notice of Recently Published Soil Survey Maps, app. E. 
59 Eric J. Harmon Soil Surveys Decl. 6 (Table 1) , 7 (Dec. 8, 2003); see also Marshall P. Brown Soil Surveys 
Decl. ¶¶ 10-12 (Dec. 8, 2003). 
60 Marshall P. Brown Soil Surveys Decl. ¶ 10 (Dec. 8, 2003). 
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argue that Gila IV explicitly affirmed the trial court’s ruling that the subflow zone is the saturated 

floodplain Holocene alluvium, and therefore, the subflow zone cannot include Pleistocene deposits. 

After considering the opinions of the parties and their experts, the trial court ruled: 

Throughout the hearings, field trip and later briefing, the parties have used the 
terms Holocene, younger alluvium, and floodplain alluvium interchangeably. This 
Court believes the proper terminology for the geologic unit which defines “subflow” 
is the “saturated floodplain Holocene alluvium.” That term is used deliberately.61 

The court noted the potential difficulty of discerning different materials: 

While the depositional processes were somewhat different, where [the Holocene or 
younger alluvium and the basin fill] meet it is sometimes difficult to discern the 
differences between one type of eroded, depositional debris from another, particularly 
when they may both be saturated and water bearing…. However, only the younger 
Holocene alluvium can pass the test of “subflow” as it is the only stable geologic unit 
which is beneath and adjacent to most rivers and streams, except those in the 
mountains where bedrock surrounds the flow.62 

The trial court clearly stated subflow is found within the floodplain Holocene alluvium. The 

classification “Holocene” is uniformly used throughout its order to describe the floodplain alluvium 

associated with subflow. Gila IV affirmed the tria l court’s rulings in their entirety. The Supreme 

Court defined the term “Holocene” to refer “to the Holocene epoch, which is that part of the 

Quaternary period that covers approximately the most recent 10,000 years. During that time frame, 

floods caused rivers to carry and deposit certain materials that originated from erosion of bedrock 

and basin fill deposits….”63 The trial court’s rulings and Gila IV cannot be interpreted to mean 

anything other than the floodplain Holocene alluvium is where ADWR must start to delineate the 

lateral limits of the subflow zone.64 

                                                                 

61 Goodfarb Order 56. 
62 Id. 
63 198 Ariz. at 334 n.2, 9 P.3d at 1073 n.2. 
64 “The entire saturated floodplain Holocene alluvium, as found by DWR, will define the subflow zone in any 
given area.” 198 Ariz. at 342, 9 P.3d at 1081. 
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ADWR may find areas where it will be “difficult to discern the differences” between 

materials, and in those, it must exercise its best technical analysis and evaluation to delineate the 

lateral extent of the floodplain Holocene alluvium. If other materials such as Pleistocene or relic fan 

deposits are found, ADWR should report their presence and extent. 

The third main objection is that the soil survey maps include ephemeral streams. Mr. Harmon 

declared that Soil Unit 123 in the Fairbank Quadrangle is “associated with streams that are partly 

ephemeral and partly perennial.”65 Mr. Brown listed seven ephemeral washes whose alluvium “has 

been inappropriately delineated as saturated floodplain Holocene alluvium associated with the San 

Pedro River.”66 Mr. Ford identified fourteen ephemeral tributaries whose inclusion in the subflow 

zone is questionable.67 The parties and other experts who filed declarations agree that under Gila IV 

the ephemeral streams shown on the soil survey maps must be excluded from the subflow analysis.68 

The fourth main objection is that the NRCS used soil borings to define and map the soil 

types, but the boreholes generally did not exceed three to four feet and only in exceptional situations 

went down six or seven feet. The soil maps, therefore, contain little site-specific information about 

depth, saturation, or aquifer characteristics in the floodplain Holocene alluvium. 

This objection evinces a concern that the soil survey maps will be used as the exclusive 

means to delineate the lateral limits of the subflow zone. The Special Master has previously stated, 

“[i]t is clear from the evidence heard that there is no single or exclusive available indicator that 

                                                                 

65 Eric J. Harmon Soil Surveys Decl. 8 (Dec. 8, 2003) (quoting the NRCS Soil Survey Report 156). 
66 Marshall P. Brown Soil Surveys Decl. ¶ 14 (Dec. 8, 2003). 
67 Jon R. Ford Soil Surveys Decl. ¶ 8 (Dec. 8, 2003). 
68 The exclusion of ephemeral streams is discussed in chapter 2, section G, and an exception is described in 
chapter 2, section E, of this report. 
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delineates the subflow zone as defined in Gila IV. Delineating the entire subflow zone in a watershed 

will require using more than one indicator.”69 

The Special Master adheres to this view, and the experts stated similar opinions. Mr. Brown 

declared, “[i]t may be appropriate to use soil survey results as a supplemental resource to assist in 

delineation of the saturated floodplain Holocene alluvium,” but they “should not be used as the 

primary basis….”70 Mr. Ford “agree[s] with the use of NRCS soil data as an additional source of data 

to be used to delineate the Subflow Zone, but [does] not support the use of NRCS soil data as the 

exclusive delineation method.”71 Dr. Mock declared the maps “would serve as but a supplemental 

source of data for some interpretations.”72 Dr. Montgomery opined the maps “should be used in 

conjunction with other maps and resources previously identified by” ADWR. 73 Mr. Page declared 

that “the soil information can and should be used as one of many tools.”74 

Although the NRCS surveys evaluate soils for purposes of land use planning and 

management, the surveys can provide useful information to delineate the subflow zone. The surveys 

“collect data on erosion, droughtiness, flooding, and other factors that affect soil uses and 

management.” The surveys may not qualify as the exclusive indicator to delineate the lateral limits of 

the floodplain Holocene alluvium in accordance with Gila IV, but they should be used as they 

contain relevant and useful information. 

ADWR specifically recommends that certified NRCS survey AZ671, released in 2003, be 

used to determine the lateral extent of the floodplain Holocene alluvium along the San Pedro River 

between the International Border and St. David, Arizona. The Hereford, Fairbank, and Land 

                                                                 

69 Special Master’s Order 2 (Jan. 28, 2004). 
70 Marshall P. Brown Soil Surveys Decl. ¶ 20 (Dec. 8, 2003). 
71 Jon R. Ford Soil Surveys Decl. ¶ 13 (Dec. 8, 2003). 
72 Peter A. Mock Soil Surveys Decl. 3 (Dec. 8, 2003). 
73 Errol L. Montgomery Soil Surveys Decl. 4 (Dec. 8, 2003). 
74 Oliver S. Page Soil Surveys Decl. 9 (Dec. 8, 2003). 
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Quadrangles are part of survey AZ671. The survey includes soil maps for most of the Babocomari 

River and stream reaches within Ramsey, Garden, and Miller Canyons. 

Mapping 

Before ADWR presented its proposal to use the NRCS soil survey maps, some experts 

pointed out limitations of the surficial geology maps ADWR proposed to use to delineate the lateral 

extent of the subflow zone. Because ADWR may consult some or all of these maps as additional 

sources of information, those concerns are addressed. 

First, ADWR proposes to utilize four criteria to evaluate the adequacy of the surficial maps, 

for the areas with perennial and intermittent streams, which delineate floodplain Holocene alluvium: 

field work, map coverage, dating methods, and map scale. Mr. Page recommended that mapping 

methods be added to the selection criteria. Mapping methods include aerial photography analysis, 

geomorphic (topographic map) interpretation, phreatophyte mapping, and infrared image 

interpretation. The recommendation is appropriate. 

Second, Messrs. Harmon, Palumbo, Anderson, and Page commented on map scale. They 

favor using larger scale maps than ADWR proposes and agree that a scale of 1:24,000 is the 

preferred scale. Concerning ADWR’s proposed use of the Pool and Coes map75 to delineate the 

floodplain Holocene alluvium within the Sierra Vista Subwatershed, Messrs. Harmon and Palumbo 

declared: 

The Pool and Coes map is published at a scale of 1:135,000…. In our experience, 
using a map at this scale does not provide sufficient detail to allow accurate 
determination of a geologic contact on the ground. If ADWR’s proposal to use the 
Pool and Coes map is adopted, we believe this will lead to inaccurate conclusions 
regarding the location of the edge of the jurisdictional subflow zone…. [A] better 
choice of map for use in defining the subflow zone would be the published USGS 

                                                                 

75 D. R. Pool and A. L. Coes (USGS, 1999). 



 

W1-103/FinalRep/July16, 2004 37 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

1:24,000 topographic map series. These maps provide a significantly more detailed 
scale, with one mile being depicted as 2.64 inches.76 

Mr. Anderson declared,  “[i]f I were given the task of accurately and reliably identifying the 

Holocene alluvium, I would attempt to locate a map focused on the Holocene alluvium with a scale 

of 1:24,000 (or larger, even 1:12,000) because the level of detail provided by such maps is probably 

necessary to identify the different surficial deposits.”77 Mr. Ford recommended “DWR should obtain 

large-scale draft mapping (typically at a scale of 1 inch = 2,000 feet)…. Once a particular map is 

selected, DWR should obtain the largest scale version of that map that is available.”78 

The recommendation that ADWR should obtain the largest scale version of a map whenever 

possible is appropriate. When area is the same, a large scale map will show items in greater detail 

than a small scale map. The Special Master will not recommend a minimum or maximum map scale, 

as the decision is within ADWR’s professional judgment. 

Third, Mr. Ford recommended that ADWR “should take special care in ensuring that the edge 

of the Holocene alluvium is properly transferred from the authors’ published or draft mapping, so 

that it is accurately re-projected to the current datum used on the DWR base maps.”79 Any substantial 

error in transferring or re-projecting a depiction from a surficial map to ADWR’s base map will 

negate the department’s efforts to select the proper map. The NRCS report contains a similar caution, 

if large copies of the soil survey maps are made: “Enlargement of these maps, however, could cause 

misunderstanding of the detail of mapping. If the maps are enlarged, distortion will occur. Enlarged 

                                                                 

76 Eric J. Harmon and Mark R. Palumbo Decl. 10-11 (June 17, 2002). 
77 Kirk C. Anderson Decl. ¶ 6 (June 17, 2002). 
78 Jon R. Ford Decl. ¶ 11a (June 17, 2002). 
79 Id. at ¶ 11b. 
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maps do not show the small areas of contrasting soils that could have been shown at a larger scale.”80 

The recommendation regarding technical mapping is appropriate. 

The experts who submitted declarations concerning the soil surveys provided technical 

information, and some addressed characteristics in specific soil units. Gila IV’s invitation is pertinent 

and should be accepted: “DWR may use such data accumulated during these proceedings to aid in its 

task.”81 

Recommendation 4: The Court should adopt ADWR’s proposal to use the NRCS soil survey 

maps to delineate the lateral extent of the floodplain Holocene alluvium but should direct ADWR to 

use the maps as one source or indicator - but not the exclusive means - to delineate the lateral limits 

of the subflow zone. 

Recommendation 5: The Court should direct ADWR to limit its subflow analysis to the 

floodplain Holocene alluvium. If other deposits or materials  (such as Pleistocene) are found within 

the floodplain alluvium of a stream, the presence and extent of those deposits shall be reported, but  

the criterion is the floodplain Holocene alluvium. 

Recommendation 6: The Court should direct ADWR to exclude from the subflow analysis 

the ephemeral streams shown on the NRCS soil survey maps. 

Recommendation 7: The Court should adopt ADWR’s proposal to use NRCS survey AZ671 

as a source of information to determine the lateral extent of the floodplain Holocene alluvium in the 

San Pedro River and its reaches between the International Border and St. David, Arizona. 

Recommendation 8: The Court should direct ADWR to consider mapping methods as a 

criterion to evaluate the adequacy of a surficial map which depicts floodplain Holocene alluvium. 

                                                                 

80 ADWR Notice of Recently Published Soil Survey Maps, app. A (NRCS Soil Survey Report 2). 
81 198 Ariz. at 342, 9 P.3d at 1081. Such information would include the comments submitted by the Arizona 
Geological Survey to ADWR, which ADWR filed with the Court on June 17, 2002. 
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Recommendation 9: The Court should direct ADWR to obtain the largest scale version of a 

map whenever possible. 

Recommendation 10: The Court should direct ADWR to take special care in transferring or 

re-projecting any depiction on a surficial map to a base map. 

D. Should ADWR consider the criteria specified in Gila IV to identify the subflow 
zone or have the criteria already been taken into account in the Arizona Supreme Court’s 
holding that the saturated floodplain Holocene alluvium is the subflow zone? 

This question was briefed prior to the hearing. On September 8, 2003, a ruling was issued 

subject to modification after considering the evidence presented during the hearing. The proposed 

ruling is adopted as the evidence is not sufficient to modify it. 

In Gila II, the Supreme Court held that in order to determine “[w]hether a well is pumping 

subflow…comparison of such characteristics as elevation, gradient, and perhaps chemical makeup 

can be made. Flow direction can be an indicator.”82 After remand, the trial court found that if 

elevation, gradient, chemical composition, and flow direction are added to the concept that the 

subflow zone can be differentiated from adjacent tributary aquifers and the basin fill aquifer that 

contribute or receive discharge from the subflow zone, “a set of principles can be developed to define 

‘subflow.’”83 The trial court found that combining the four factors with this concept was “[t]he only 

logical and rational way” to make Southwest Cotton and Gila II “consistent with the scientific 

principles” presented by the expert witnesses.84 

Before discussing the “different sides or proposals” presented to the trial court, Judge 

Goodfarb found that Gila II and the uncontested evidence he had heard required that the subflow 

zone “be defined by at least the following principles:” 

                                                                 

82 175 Ariz. at 392, 857 P.2d at 1246. 
83 Goodfarb Order 34. 
84 Id. 
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1. The “subflow” zone must be adjacent and beneath a perennial or intermittent 
stream. 

2. It may not be adjacent or beneath an ephemeral stream. However, it may be 
adjacent or beneath an ephemeral section of a perennial or intermittent stream, if the 
ephemeral section is caused by adjacent surface water diversion or groundwater 
pumping. There must, however, be a saturated zone beneath connected to similar 
zones beneath the upper and lower perennial or intermittent stream sections. 

3. Except as set forth in paragraph 2 above, there must be a hydraulic connection 
between the surface stream and the “subflow” zone. 

4. The “subflow” zone must be distinguished from adjacent tributary aquifers or 
connecting basin fill. 

5. The parameters of the “subflow” zone, if it is to be defined by reference to the 
saturated floodplain alluvium, Holocene alluvium, or younger alluvium, must be 
outside of and not include those tributary alluvial deposits known as “inliers” as 
indicated in [a figure in an expert’s report]. (Numbers 6 and 7 are omitted because 
they are not germane to this discussion).85 

The trial court then took up the different proposals for defining the subflow zone and  

concluded: 

After consideration of flow direction, water level elevation, the gradation of water 
levels over a stream reach, the chemical composition if available, and lack of 
hydraulic pressure from tributary aquifer and basin fill recharge which is 
perpendicular to stream and “subflow” direction, the Court finds the most accurate of 
all the markers is the edge of the saturated floodplain Holocene alluvium.86 

The court gave the reasons for this determination. First, the floodplain Holocene alluvium “is 

the only stable geologic unit which is beneath and adjacent to most rivers and streams....”87 Second, 

when the floodplain Holocene alluvium is saturated, “that part of the unit qualifies as the ‘subflow’ 

zone, where the water which makes up the saturation flows substantially in the same direction as the 

stream, and the effect of any side discharge from tributary aquifers and basin fill is overcome or is 

                                                                 

85 Id. at 35-36. 
86 Id. at 56; see also 198 Ariz. at 337, 9 P.3d at 1076. 
87 Goodfarb Order 56. 
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negligible.”88 The subflow zone must be saturated because there must be a hydraulic connection 

between the stream and the subflow. 

In further support of the determination that the subflow zone is the saturated floodplain 

Holocene alluvium, the trial court stated: 

If we add the following additional criteria, then even more certainty and 
reliability is provided. First, the water level elevation of the “subflow” zone must be 
relatively the same as the stream flow’s elevation. Second, the gradient of these 
elevations for any reach must be comparable with that of the levels of the stream flow. 
Third, there must be no significant difference in chemical composition that cannot be 
explained by some local pollution source which has a limited effect. Fourth, where 
there are connecting tributary aquifers or floodplain alluvium of ephemeral streams, 
the boundary of the “subflow” zone must be at least 200 feet inside of that connecting 
zone so that the hydrostatic pressure effect of the side recharge of this tributary 
aquifer is negligible and the dominant direction of flow is the stream direction. Fifth, 
where there is a basin-fill connection between saturated zones of the floodplain 
Holocene alluvium and a saturated zone of basin fill, the boundary of the “subflow” 
zone must be 100 feet inside of the connecting zone so that the hydrostatic pressure 
effect of the basin-fill’s side discharge is overcome and the predominant direction of 
flow of all of the “subflow” zone is the same as the stream’s directional flow.89 
(Underlining in original.) 

The Supreme Court held that “the [trial] court based its ruling on evaluation of the pertinent 

factors set forth in Gila River II for delineating the subflow zone.”90 The Court, foreshadowing 

similar arguments made in this proceeding, held: 

At oral argument, the groundwater users questioned…what role, if any, the 
criteria that we set forth in Gila River II and that the trial court used will play in 
determining subflow in different locations. The criteria that the trial court articulated 
were elaborations of, but consistent with, the more general criteria set forth in Gila 
River II. The trial court properly applied these criteria to the San Pedro River basin in 
order to determine the most appropriate subflow zone, and the weight of the evidence 
supports the trial court’s identification of that zone as the “saturated” floodplain 
Holocene alluvium.91 

                                                                 

88 Id. at 57. 
89 Id. at 57-58; see 198 Ariz. at 337-8, 9 P.3d at 1076-7. 
90 198 Ariz. at 337, 9 P.3d at 1076. 
91 198 Ariz. at 341-2, 9 P.3d at 1080-1. 
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The trial court considered each of the criteria specified in Gila II, and determined they are 

met within the saturated floodplain Holocene alluvium. The trial court did not simply identify or 

formulate a set of more specific criteria  or parameters to delineate the subflow zone. The Supreme 

Court affirmed this order in all respects. 

The Special Master finds that the criteria specified in Gila IV to delineate the subflow zone 

have already been taken into account in the Supreme Court’s holding that the saturated floodplain 

Holocene alluvium is the subflow zone. 

This determination means that ADWR is required to apply the same criteria when it cannot 

delineate the subflow zone utilizing the procedures approved by the trial court. ADWR may find 

stream segments where the procedures approved by the trial court are insufficient to delineate the 

subflow zone with the requisite accuracy and reliability. In those situations, Gila IV directs that 

ADWR must consider “insofar as they apply and are measurable,” the “detailed criteria set forth in 

the trial court’s order,” and may consider “other criteria that are geologically and hydrologically 

appropriate for the particular location.”92 ADWR should report the reasons for selecting any other 

criteria it found appropriate for the location. 

Recommendation 11: The Court should adopt the finding that the criteria specified in Gila 

IV to delineate the subflow zone have been taken into account in the Supreme Court’s holding that 

the saturated floodplain Holocene alluvium is the subflow zone. 

Recommendation 12: The Court should direct ADWR to use the criteria specified in Gila IV  

and any other criteria that are geologically and hydrologically appropriate for the particular location 

to delineate the subflow zone, if ADWR is unable to do so with the requisite accuracy and reliability 

                                                                 

92 198 Ariz. at 342, 9 P.3d at 1081. 
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utilizing the procedures approved by the Court. ADWR should report the reasons for selecting any 

other criteria it found appropriate for the location. 

E. Should ADWR’s subflow analysis consider predevelopment or current stream 
flow conditions? 

This question was briefed prior to the hearing. On September 8, 2003, a proposed ruling was 

issued subject to modification after considering the evidence presented at the hearing. The ruling is 

modified based on subsequent evidence and arguments. 

Parties argue that Judge Goodfarb, the Arizona Supreme Court, and Judge Ballinger have 

decided this issue. One party argues Judge Ballinger decided the issue in his January 22, 2002, order 

directing ADWR to prepare a report that: 

shall include…a method for including both perennial and intermittent streams as part 
of the subflow analysis, including streams that historically contained perennial or 
intermittent flows, but which now are ephemeral due to development and other human 
initiated actions. The Court…expects the department to formulate a proposal using 
readily available historical data that will permit determination of water levels and 
locations as of date(s) prior to widespread diversion and depletion of Arizona’s stream 
flows.93 

Judge Ballinger’s directions to ADWR to present a “method” and “formulate a proposal” to 

delineate the lateral limits of the subflow zone in the San Pedro River Watershed do not constitute a 

ruling on this issue. Even considered in its entirety, the January 22, 2002, order cannot be interpreted 

to say that the trial court ruled predevelopment conditions should be used for the subflow analysis. 

The trial court gave directions to ADWR as to what the department was to present in its 

recommendations. The trial court did not decide this issue in that order. 

In the proposed ruling, the Special Master stated that a close reading of the trial court’s 

orders, Gila II, and Gila IV does not show this issue was presented to the trial court or to the Arizona 

Supreme Court or “that it was decided by either court with definiteness and clarity, that it can be said 
                                                                 

93 Ballinger Order 1-2. 
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the law of the case was set.”94 The parties arguing that the issue of predevelopment vs. cur rent 

conditions was presented to the trial court and to the Supreme Court, and both courts decided the 

issue, point to what has been called the “ephemeral stream exclusion” or “exception” and to the trial 

court’s definition of an intermittent stream. The Special Master believes exception fits better than 

exclusion. 

The Ephemeral Stream Exception 

The exception is set forth in the second principle Judge Goodfarb found was necessary to 

define the subflow zone: 

[The subflow zone] may not be adjacent or beneath an ephemeral stream. 
However, it may be adjacent or beneath an ephemeral section of a perennial or 
intermittent stream, if the ephemeral section is caused by adjacent surface water 
diversion or groundwater pumping. There must, however, be a saturated zone beneath 
connected to similar zones beneath the upper and lower perennial or intermittent 
stream sections.95 

The Cities argue that ADWR and they presented expert reports and testimony to the trial 

court, during the 1987 and 1994 hearings, indicating that in some river segments the 

groundwater/surface water connection had ceased to exist or had been severed due to development of 

water resources, and therefore, wells within these ephemeral reaches should be excluded from the 

adjudication. Furthermore, it is implicit in the ephemeral stream exception that current conditions 

must be used for the subflow analysis because the exception applies “if the ephemeral section is 

caused by adjacent surface water diversion or groundwater pumping,” and these activities did not 

occur in predevelopment times. According to the Cities, the exception requires, at a minimum, 

determination of its applicability, and at a maximum, delineation of the subflow zone using current, 

not predevelopment, stream flow conditions. Because the Supreme Court affirmed the trial court’s 

                                                                 

94 Special Master’s Order Determining Issues 1 Through 4, 3. 
95 Goodfarb Order 35. 
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order in its entirety including the principles, it is argued the law of the case was set, and the point of 

law is binding on the trial court under the doctrine of stare decisis.96 

In his 66-page ruling with 36 pages of exhibits, Judge Goodfarb did not amplify or explain 

the exception, and he did not repeat it in the summary of his findings. The order does not shed light 

on the reasons for the exception. 

The Cities presented copies of pages of some of the briefs they and the Nature Conservancy 

filed in the Arizona Supreme Court related to the Gila II and Gila IV appeals.97 The Nature 

Conservancy’s Gila II opening brief (May 15, 1992) stated in pertinent part: 

It would be a difficult task at best for the trial court to attempt now to reconstruct what 
happened to surface water appropriations as a result of subflow withdrawals 
throughout the Gila River System. Put another way, practicalities make it difficult to 
apply the proper test for “subflow” back to the point of restoring streams long ago 
depleted without formal objection registered (or litigation brought) by those who had 
prior appropriations in those streams. Instead, the most practical approach may simply 
be to exclude from the adjudication those wells in areas where the surface streams 
have already been completely, essentially permanently, depleted. Such areas would 
include, for example, the Santa Cruz River near Tucson, the lower Salt, and the lower 
Gila Rivers.98 

The Cities’ briefs filed in the Arizona Supreme Court in Gila II (May 15, 1992) and Gila IV 

(May 15, 1995) discussed the lack of hydraulic connection in ephemeral streams as a result of 

surface water diversions and groundwater pumping. The pages of the Gila II opening brief described 

the severing of hydraulic connection in the Lower Salt River due to the construction of dams, 

urbanization, and groundwater pumping. The pages from the Gila IV brief described how ephemeral 

streams can be caused by the severing of hydraulic connection as a result of human activity, and 

                                                                 

96 The doctrine embodies the “principle that a decision made in one case will be followed in the next.” A. 
SCALIA, A MATTER OF INTERPRETATION: FEDERAL COURTS AND THE LAW 7 (1997). 
97 Cities’ Subflow Post-Hearing Opening Brief, exs. 9, 10, 11 (Mar. 3, 2004). SRP’s objections to these 
exhibits were denied, but consideration of exhibits 10 (May 15, 1992, brief) and 11 (May 15, 1995, brief) was 
limited to the Cities’ assertion that the issue of applying current, not predevelopment, stream conditions to the 
ephemeral stream exception was presented to the Arizona Supreme Court. 
98 Id. ex. 9 at 57-58. 
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argued that because there is no hydraulic connection between the stream and a groundwater aquifer, 

wells pumping within these ephemeral reaches do not impact subflow or stream flow. 

The Supreme Court did not discuss the ephemeral stream exception in Gila IV. The word 

“predevelopment” appears only once in that opinion, in footnote 4 referring to the Nature 

Conservancy’s proposal to define the subflow zone by the geographic area phreatophytes had 

occupied in predevelopment times. “Current” also appears once in footnote 5 used as a noun. 

Next the Cities claim that the trial court’s definition of an intermittent stream (adopted from 

ADWR’s Technical Assessment as stated on page 25 of this report) shows the court ruled subflow 

analysis must use current conditions. The pertinent portion of the definition states that intermittent 

streams may have periods of reduced groundwater discharge as a result of “natural and cultural 

losses” or “uses.”99 The Special Master finds that the trial court adopted a commonly accepted 

definition of an intermittent stream. 

The Special Master has carefully reviewed the papers, reports, and exhibits and has spent 

much time on this issue. The conclusion is that the Cities, the Nature Conservancy, and ADWR 

discussed before the trial cour t and, except ADWR, before the Arizona Supreme Court the 

requirement of hydraulic connection between the surface stream and the groundwater aquifer to 

define the subflow zone and the lack of hydraulic connection in certain streams, for example, the 

Lower Salt River and the Santa Cruz River near Tucson, as a result of surface water diversions and 

groundwater pumping. The Cities asserted their position that hydraulic connection between the 

surface water and the groundwater aquifer in the Lower Salt River has been altered as a result of 

                                                                 

99 Goodfarb Order 24. 
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human activities, and therefore, wells within the ephemeral reaches of the Lower Salt River are not 

withdrawing subflow.100 

The Special Master concedes the Cities have argued, and well, this position not only before 

the trial cour t but also before the Supreme Court and the Special Master.101 The Special Master 

cannot find, however, that the trial court ruled, and was affirmed by the Supreme Court, that subflow 

analysis must consider current and not predevelopment stream flow conditions, entitling the affirmed 

ruling to stare decisis. Judge Goodfarb’s order shows he  was deliberate with words and analysis, 

respectful of the needs for explanations of “reviewing appellate courts,” and cognizant of the trial 

court’s “duty to provide as much detail as it can to explain the factual decisions made.”102 The trial 

court did not explain the exception, and Gila IV provides no assistance with the search for an answer. 

The Special Master cannot conclude that the unexplained exception decided this issue as a principle, 

precedent, or point of law in this adjudication. 103 Neither the trial court nor Gila IV has decided 

whether ADWR’s subflow analysis should consider predevelopment or current conditions. 

The Special Master believes that in order to give effect to the plain language  of the exception, 

and incorporate it into the subflow analysis, the applicability of the exception must be determined 

using post-development conditions. Under this view, a well will not be subject to the adjudication, if 

it meets all of the following conditions: 

                                                                 

100 The condition described in the Lower Salt River may not exist to the same degree in other watersheds. Mr. 
Briggs declared, “[i]n the Verde Valley this is not a significant issue as there are no major upstream dams, nor 
has there been major groundwater development and overdraft.” Philip C. Briggs Rebuttal Decl. ¶ 11a (June 
27, 2003). 
101 See Affidavit of Doug Toy, P.E. in Cities’ Response to ADWR’s Subflow Report ex. 2 (June 17, 2002). 
102 Goodfarb Order 64. 
103 Francis v. Ariz. Dept. of Transp., Mot. Veh. Div., 192 Ariz. 269, 271, 963 P.2d 1092, 1094 (Ariz. App. 
1998); City of Bisbee v. Cochise Co., 52 Ariz. 1, 6, 78 P.2d 982, 984 (1938); see State ex rel. La Prade v. Cox, 
43 Ariz. 174, 30 P.2d 825 (1934). An instructive decision on the law of the case doctrine is State v. King, 180 
Ariz. 268, 278-9, 883 P.2d 1024, 1034-5 (1994), cert. denied, 516 U.S. 880 (1995). Arizona recognizes the 
law of the case doctrine as a rule of procedure not substance. 
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1. The well is located within an ephemeral section of a perennial or intermittent 
stream, 

2. The ephemeral section of the perennial or intermittent stream is or was caused by 
adjacent surface water diversion or groundwater pumping and not by climate or 
watershed changes,104 and 

3. There is no saturated zone beneath the ephemeral section that is connected to 
similar saturated zones beneath the upstream and downstream perennial or 
intermittent sections. 

The Special Master recommends that ADWR investigate and tabulate all wells that are or 

may be subject to the ephemeral stream exception. In this manner, the exception is reconciled with 

using predevelopment conditions for the subflow analysis. 

Predevelopment Conditions 

The parties who favor using current stream flow conditions argue that information of 

predevelopment conditions is unavailable, inconsistent, unverifiable, and unreliable making subflow 

determinations uninformed guesswork that does not satisfy the clear and convincing evidentiary 

standard; predevelopment conditions cannot be recreated after decades of surface water diversions 

and groundwater pumping; and using predevelopment conditions will result in an expanded subflow 

zone at odds with the “narrow concept” of subflow long adhered to by the Arizona Supreme Court.105 

Those in favor of predevelopment conditions argue that additional evidence is available  in 

other sources such as historical reports and maps; using current conditions would unfairly advantage  

claimants who have been pumping subflow without water rights, with unquantified water rights, or 

without regard for prior vested surface water rights; and if current conditions are used, claimants at 

the end of ADWR’s watershed investigations would gain an unfair position because their claims will 

be adjudicated years from now when the subflow zone may be depleted. 
                                                                 

104 Mr. Michael J. Lacey discussed the exception in his rebuttal declaration and pointed out the distinction 
between human activity and natural changes. Michael J. Lacey Rebuttal Decl. 6 (June 27, 2003). 
105 175 Ariz. at 391, 857 P.2d at 1245. 
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A standard that satisfies all of these objections is a chronological point of reference: 

1. That can be applied consistently, although the specific time period may vary from 
watershed to watershed; 

2. For which evidence is available to delineate the lateral extent of the subflow zone  
as accurately and reliably as possible; and 

3. That overcomes unfair practicalities due to the slow progress of the adjudication. 

Predevelopment conditions are a consistent chronological point of reference that meets these 

criteria. The discrete time period will not be the same for all watersheds, but predevelopment 

conditions are the most consistent and fairest reference point for subflow analysis. 

The experts expressed different opinions about the quality and quantity of available evidence 

to evaluate predevelopment stream flow conditions. An example are the views about the USGS Atlas 

(which ADWR proposes to use) that shows the location of predevelopment perennial streams and 

predevelopment water level contours. Dr. Montgomery and Mr. Anderson expressed concerns about 

the quality of the sources of information used to compile the Atlas.106 On the other hand, Mr. Briggs 

used the Atlas as a source of predevelopment groundwater elevations  data.107 Mr. Gookin 

recommended that additional sources be studied and professional historians retained to assist with 

this part of the investigations. Mr. Briggs declared, “I disagree that a predevelopment subflow zone 

cannot be delineated. There is ample scientific and [anecdotal] evidence available to use to delineate 

a predevelopment subflow zone in the Salt River Valley.”108 The Special Master concludes that more 

and better evidence of predevelopment conditions can be obtained, and the effort to obtain it must be 

made. 

                                                                 

106 Errol L. Montgomery and Thomas W. Anderson Decl. 11 (June 17, 2002). 
107 Philip C. Briggs Decl. ¶ 7i (June 17, 2002). 
108 Philip C. Briggs Rebuttal Decl. ¶ 11a(2) (June 27, 2003). 
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ADWR has not had an opportunity to obtain and review additional maps, reports, and 

documents suggested by the experts who submitted declarations; conduct field investigations; 

analyze drilling records; and run models. After ADWR submitted the Subflow Report, it found the 

NRCS soil survey maps which Mr. Burtell testified “would be very useful for our work in the 

adjudications.”109 ADWR should be directed and allowed to obtain more concrete and useful 

information. Moreover, if adopted by the trial court, many of this report’s recommendations will 

improve the investigations. It is premature to conclude that ADWR cannot obtain reliable evidence 

of predevelopment stream flow conditions. 

Using predevelopment conditions precludes claimants whose water use claims will be 

adjudicated in the later phases of ADWR’s watershed investigations from gaining an unfair position. 

If current conditions are used, claimants at “the back of the line”110 who are pumping subflow would 

benefit because they could continue to withdraw subflow, and years from now their wells could be 

found to be outside the subflow zone delineated under then current conditions. This concern is 

heightened when claimants who are pumping subflow or stream flows without an appropriative water 

right are considered. The slow progress of investigations and adjudication of water uses is a reality 

that must be weighed in this discussion. 

The concern that using predevelopment conditions might result in more wells included in the 

adjudication than under current conditions is unmerited. The subflow zone will remain as narrow as 

the saturated floodplain Holocene alluvium. 

                                                                 

109 Hrg. Tr. 15:25 (Oct. 21, 2003). 
110 SRP’s Opening Brief on Legal Issues 4 (June 6, 2003). While SRP argues claimants would “race to” the 
back of the investigations line, the fact is that at the pace this adjudication has been proceeding due to a 
variety of factors, there is not much immediacy for claimants outside of the San Pedro River Watershed “to 
race.” 
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The time period selected to define predevelopment conditions will influence the accuracy and 

reliability of subflow determinations. Parties have suggested various years or periods to define 

predevelopment conditions: 

1. 1848, the year the United States and Mexico signed the Treaty of Guadalupe 
Hidalgo (on February 2, 1848). 

2. Post-1865 (after the Civil War). 

3. Prior to about 1900 for surface water in highly developed watersheds. 

4. 1931, the year Southwest Cotton was decided. 

5. Prior to about 1940 for groundwater in highly developed watersheds. 

6. February 17, 1978, the date Phelps Dodge filed a petition with the Arizona State 
Land Department to adjudicate water rights in portions of the Lower Gila River 
Watershed and the Upper Gila River Watershed including the San Francisco River, 
Chase Creek, and Eagle Creek.111 

Selection of a date or period must consider the feasibility of obtaining the requisite technical 

data and evidence; potential delay and expense of those efforts and of subsequent investigations; 

level of accuracy and reliability of the subflow analysis ; confidence of meeting the clear and 

convincing evidentiary standard; and fairness. 

In its January 22, 2002, order, the trial court provided an appropriate time frame for defining 

predevelopment conditions that satisfies these concerns, namely, “prior to widespread diversion and 

depletion of Arizona’s stream flows.”112 The word “widespread” is defined as “widely 

                                                                 

111 On April 19, 1978, Phelps Dodge supplemented this petition to include additional lands in the Lower Gila 
River and Upper Gila River Watersheds. In 1979, the petitions were transferred to the Arizona Superior Court. 
1979 Ariz. Sess. Laws, ch. 139, § 39 (effective Apr. 17, 1979). 
112 Ballinger Order 2. 
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extended…occurring over a wide area or extent.”113 The term indicates greater than minimal, 

localized, or sporadic diversion and depletion of stream flows as a result of human activity. 

The evidence is not sufficient to select one of the dates or periods advocated by the parties. 

The Special Master believes the evidence together with the factors listed above favor selecting a date 

or period after 1865 and before 1940. The Special Master recommends that the discrete time period 

be an approximate chronological year or a range of years immediately prior to widespread diversion 

and depletion of a stream’s flows as a result of human activity. The chronological year or range of 

years will not be the same for all watersheds. 

Recommendation 13: The Court should direct ADWR to use predevelopment stream flow 

conditions for subflow analysis. 

Recommendation 14: The Court should direct ADWR to investigate and tabulate all wells 

subject to the ephemeral stream exception set forth in the trial court’s June 30, 1994, order. 

Recommendation 15: The Court should define predevelopment stream flow conditions, for 

the purpose of subflow analysis, to mean a chronological year or a range of years immediately prior 

to widespread diversion and depletion of the stream’s flows as a result of human activity. 

F. Does ADWR’s recommendation that the entire lateral extent of the floodplain 
Holocene alluvium be assumed to be saturated comport with Gila IV? 

ADWR recommends “that the entire lateral extent of the floodplain Holocene alluvium be 

assumed to be saturated for the purpose of delineating the jurisdictional subflow zone.”114 The 

recommendation is based on the limitations of available data, variability of saturation of the 

                                                                 

113 WEBSTER’S NEW WORLD DICTIONARY OF AMERICAN ENGLISH 1526 (3d ed. 1988); cf. A.R.S. § 1-213 relating to 
statutory construction (“Words and phrases shall be construed according to the common and approved use of 
the language.”). 
114 Subflow Report 13. 
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floodplain Holocene alluvium, and the trial court’s request to consider predevelopment stream flow 

conditions. ADWR explains: 

Determination of the saturated portion of the floodplain Holocene alluvium requires 
data on two subsurface conditions: 

• The thickness of the floodplain Holocene alluvium; and 
• The depth to the water table beneath the floodplain. 

… 

However, the two conditions indicated above cannot be determined with 
reasonable means in the San Pedro River watershed or elsewhere in the Gila River 
adjudication area. The thickness of the floodplain Holocene alluvium and the depth to 
the water table beneath the floodplain are highly variable, both spatially and 
temporally, and this makes the determination of saturation difficult. In many areas of 
the Gila River adjudication, detailed subsurface data for the floodplain simply do not 
exist or are limited, and additional data would have to be collected and analyzed at 
considerable cost and time. In the few areas where extensive subsurface data have 
been collected, it is often still difficult to define variations in the thickness of the 
Holocene alluvium across the floodplain and changes in the elevation of the water 
table over time.115 

Concerning the thickness of the floodplain Holocene alluvium, ADWR gives an example of a 

“very costly” USGS hydrogeologic project in the Sierra Vista Subwatershed. Although the USGS 

used “very sophisticated and expensive geophysical and lithological data, the actual thickness of the 

Holocene alluvium could not be determined with any degree of certainty.”116 In “the remainder of the 

San Pedro River watershed and most of the Gila River adjudication area, well driller’s logs will 

likely be the only source, if any, of subsurface geologic data for the floodplain,” and “[t]he accuracy 

of this data is questionable.”117 “This lack of reliable data prevents the thickness of the floodplain 

Holocene alluvium from being determined with any certainty.”118 

                                                                 

115 Id. 
116 Id. at 14. 
117 Id. 
118 Id. at 15. 
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Regarding the water table beneath the floodplain, ADWR states there “is a lack of reliable 

data concerning the depth to the water table,” which “is further exacerbated by the dynamic nature of 

the floodplain aquifer system,” as “the water table sometimes chang[es] rapidly in response to storm 

runoff events and evapotranspiration by plants, and sometimes chang[es] slowly due to the effects of 

droughts and wet periods, seasonal differences, and pumping.”119 These “variations are not unique to 

recent times, but apparently also occurred during predevelopment conditions.”120 

Saturation or how much water is stored in the floodplain Holocene alluvium can vary. Dr. 

Matlock defined the terms as follows: 

“Saturated alluvium would be alluvium of which the pores are completely filled with 
water. Unsaturated would be a condition in which they’re not completely filled with 
water.”121 

Mr. Burtell testified, “[t]here are times when it will be saturated and there are times when it’s 

possible that it will not be saturated.”122 Mr. Harmon testified that the saturated extent of the 

floodplain Holocene alluvium “can change from year to year. It can change within a season with all 

types of recharge, inputs, discharge, different inflows and outflows….can change maybe from day to 

day….perhaps [from hour to hour] if you have a lot of wells turning on and off.”123 Saturation is 

dynamic. 

ADWR believes its proposal is consistent with using predevelopment stream flow conditions  

for subflow analysis because “[b]y definition, floodplain Holocene alluvium was saturated at some 

point in predevelopment time.”124 The floodplain Holocene alluvium consists of sediments deposited 

under flood flow conditions. It, therefore, was saturated at the time floods deposited the sediments, 

                                                                 

119 Id. 
120 Id. 
121 Hrg. Tr. 211:6-8 (Oct. 21, 2003). 
122 Id. at 43:9-11. 
123 Id. at 359:18-25 (Oct. 22, 2003). 
124 Subflow Report 17. 
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but for how long thereafter and to what extent the saturation lasted is debated. Mr. Ford declared that 

“the only processes that reduce the lateral extent of saturation from the historic maximum limit are 

human activity and climate cycles.”125 On the other side, Mr. Lacey testified,  “[i]t would not have 

been saturated once the flood flows had receded.”126 

Mr. Page declared that ADWR’s recommendation “is reasonable based on available water 

level data that suggests the depth to water in the floodplain Holocene alluvium is very shallow, 

indicating only a thin margin along the edges of this unit may be unsaturated…. [O]nly a thin upper 

portion of the floodplain Holocene alluvium is unsaturated.…”127 

Resolving this issue is not easy. It would be wasteful to direct ADWR to do something that is 

not feasible, but it would be foolish to sidestep the law in a rush to expediency. The issue is whether 

the recommendation comports with Gila IV. The Special Master finds it does not. 

The Clear and Convincing Evidentiary Standard 

After reviewing the trial court’s order which had sought “to determine the most appropriate 

subflow zone,” the Supreme Court affirmed the order holding that “the weight of the evidence 

supports the trial court’s identification of that zone as the ‘saturated’ floodplain Holocene 

alluvium.”128 Gila II and Gila IV emphasize that the test to delineate the lateral extent of the subflow 

zone must not be “defective” or “flawed.” Gila II admonishes that using a defective test “would 

adversely affect the adjudication” because “errors in every HSR” would have to be litigated, 

exacerbating “an already lengthy and costly process,” and a flawed test “could cause significant 

                                                                 

125 Jon R. Ford Decl. ¶ 14c (June 17, 2002). 
126 Hrg. Tr. 417:7-8 (Oct. 22, 2003). 
127 Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 16 (June 17, 2002). 
128 198 Ariz. at 342, 9 P.3d at 1081. 
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injustice.”129 Gila IV is more direct - “it is critical that any test used for determining the boundaries 

of a subflow zone be as accurate and reliable as possible.”130 

The test must be so robust because one “who asserts that underground water is a part of a 

stream’s subflow must prove that fact by clear and convincing evidence.”131 Only clear and 

convincing evidence will rebut the presumption that underground waters are percolating, and are 

therefore, not appropriable as subflow. If ADWR uses the proper test to delineate the lateral extent of 

the subflow zone, “its determination that a well is pumping appropriable subflow constitutes clear 

and convincing evidence.”132 

Parties have argued throughout this proceeding that ADWR’s proposed procedures, in whole 

or in part, do not satisfy the clear and convincing evidentiary standard associated with the 

presumption that underground waters are percolating and are not appropriable as subflow. Of all the 

issues litigated, this is the only one that, in the Special Master’s opinion, requires that its resolution 

closely review the clear and convincing standard. 

In Arizona, a party who has a burden of proof by clear and convincing evidence must show 

that the claim is “highly probable.”133 In the adjudication, when ADWR reports a well is pumping 

appropriable subflow, the report is considered to be a determination that it is highly probable the well 

is pumping appropriable subflow from the saturated floodplain Holocene alluvium. The standard “is 

more exacting than the standard of more probably true than not true but is less exacting than the 

                                                                 

129 175 Ariz. at 388, 857 P.2d at 1242. 
130 198 Ariz. at 335, 9 P.3d at 1074. 
131 Id.; see also 39 Ariz. at 85, 4 P.2d at 376 (Southwest Cotton). 
132 175 Ariz. at 392, 857 P.2d at 1246. 
133 State v. Renforth , 155 Ariz. 385, 388, 746 P.2d 1315, 1318 (Ariz. App. 1987); State v. King, 158 Ariz. 419, 
763 P.2d 239 (1988); Recommended Arizona Jury Instructions (Civil) 3d Standard 10 (“A party who has the 
burden of proof by clear and convincing evidence must persuade you by the evidence that the claim is highly 
probable….”) (“RAJI Civil Standard 10”). 
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standard of proof beyond a reasonable doubt.”134 Under Renforth and King, the highly probable 

standard does not require that ADWR’s determination be either certain or unambiguous. 

The Special Master finds that the recommended assumption will not satisfy the clear and 

convincing standard. The assumption is expedient and likely less costly to implement than 

alternatives. The evidence, however, shows saturation fluctuates even in predevelopment conditions, 

and a thin upper portion of the floodplain Holocene alluvium is unsaturated. 

To include a well in the adjudication, it is not enough to determine it is highly probable the  

entire lateral extent of the floodplain Holocene alluvium was saturated at some point. It must be 

shown it is highly probable the well is pumping subflow from the saturated floodplain Holocene 

alluvium. If the well owner disputes this assessment, the owner has the burden of proving by a 

preponderance of the evidence that the well is outside the subflow zone or is not withdrawing 

subflow. 

Valid technical efforts must be undertaken to determine the saturated portion of the  

floodplain Holocene alluvium. The department avows it “has very limited resources available” to 

fund ongoing hydrogeologic projects or to obtain data.135 Mr. Burtell described projects ADWR is 

undertaking or funding to collect more data in the San Pedro River Watershed and testified, “there is 

a tremendous amount of information that continues to be collected for that area.”136 Mr. Briggs 

declared “ADWR’s proposed approach to delineation of the subflow zone to be far too conservative, 

pleading lack of data. While these data may not currently exist for every mile of Holocene alluvium, 

the data exist where there are wells (and hence a need to know). Where these data exist, they should 

                                                                 

134 RAJI Civil Standard 10. 
135 Subflow Report 14. 
136 Hrg. Tr. 54:23-25 (Oct. 21, 2003). “The Sierra Vista subwatershed has been, and continues to be, one of the 
most studied areas in Arizona by geologists and hydrologists.” Subflow Report 13. 
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be used.”137 ADWR may not have at this point sufficient information with the desirable level of 

detail, but it is striving to remedy this situation. This campaign must continue, and if necessary 

intensified. The task will not be simple, but the Special Master believes, after considering all the 

evidence, that the saturated portion of the floodplain Holocene alluvium can be established by clear 

and convincing evidence. 

Recommendation 16: The Court should not adopt the recommendation that the entire lateral 

extent of the floodplain Holocene alluvium be assumed to be saturated for the purpose of delineating 

the subflow zone. 

Recommendation 17: The Court should direct ADWR to determine the saturated portion of 

the floodplain Holocene alluvium as accurately and reliably as possible. 

G. Are ADWR’s recommendations sufficient to identify and exclude tributary 
aquifers , basin fill saturated zones, and ephemeral streams? 

The subflow zone must “be differentiated from adjacent geologic units such as tributary 

aquifers and the basin-fill aquifer which discharge into it or receive discharge from it….”138 The trial 

court found this concept is necessary to define subflow consistent with Southwest Cotton, Gila II, 

and the scientific evidence the court had heard. 

Subflow must be part of the sur rounding floodplain of a stream but cannot be part of the 

alluvial plains of either a tributary aquifer (even if there is an alluvial connection between the 

tributary aquifer and the floodplain Holocene alluvium of the stream) or of an ephemeral stream. The 

trial court ruled: 

Those parts of the alluvial plain which [subflow] may be a part of or which it is 
connected to must be the alluvial plain of a perennial or intermittent stream and not an 
ephemeral stream or a part of the alluvial plain of a tributary aquifer even if there is an 
alluvial connection. Where the alluvial plain of tributary aquifers or ephemeral 

                                                                 

137 Philip C. Briggs Decl. ¶ 7g (June 17, 2002). 
138 Goodfarb Order 34. 
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streams connects to the floodplain Holocene alluvium of the stream itself and provides 
tributary or basin fill recharge, that tributary aquifer must also be excluded because its 
flow direction is different and often perpendicular to the stream-flow direction. 139 
(Emphasis in order.) 

The trial court added these two criteria so that “more certainty and reliability” would be 

provided to the definition of subflow: 

Fourth, where there are connecting tributary aquifers or floodplain alluvium of 
ephemeral streams, the boundary of the “subflow” zone must be at least 200 feet 
inside of that connecting zone so that the hydrostatic pressure effect of the side 
recharge of this tributary aquifer is negligible and the dominant direction of flow is 
the stream direction. Fifth, where there is a basin-fill connection between saturated 
zones of the floodplain Holocene alluvium and a saturated zone of basin fill, the 
boundary of the “subflow” zone must be 100 feet inside of the connecting zone so that 
the hydrostatic pressure effect of the basin-fill’s side discharge is overcome and the 
predominant direction of flow of all of the “subflow” zone is the same as the stream’s 
directional flow. 140 (Underlining in order.) 

Flow direction in the subflow zone must not be significantly affected by the pressure of side 

discharge from adjacent tributary aquifers or the basin fill aquifer. The water in the subflow zone 

must flow “substantially in the same direction as the stream, and the effect of any side discharge  

from tributary aquifers and basin fill is overcome or is negligible.”141 The 100-foot and 200-foot 

setbacks overcome or substantially reduce the effects of side discharge. Gila IV affirmed these 

rulings. 

ADWR does not explicitly recommend procedures to exclude tributary aquifers, areas of 

basin fill recharge, and the alluvial plains of ephemeral streams. A group of parties argues that 

ADWR should be directed to propose procedures that take into account these exclusions from the 

subflow analysis. 

                                                                 

139 Id. at 57. 
140 Id. at 57-58. 
141 Id. at 57. 
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The Subflow Report sets forth ADWR’s proposed procedures to identify perennial, 

intermittent, and effluent-fed streams and delineate the lateral extent and saturated portion of the 

floodplain Holocene alluvium.142 Because methodologies to locate tributary aquifers, areas of basin 

fill recharge, and ephemeral streams are not proposed, and ADWR’s recommendations relate to the 

floodplain Holocene alluvium of a stream and its saturated portion, it can reasonably be concluded 

that ADWR will exclude tributary aquifers, areas of basin fill recharge, and ephemeral streams from 

the subflow analysis. The Specia l Master believes ADWR understands the exclusions described in 

the trial court’s order and affirmed in Gila IV, but for certainty recommends that ADWR exclude 

from the subflow zone connecting tributary aquifers, areas of basin fill recharge, and the alluvial 

plains of ephemeral streams. 

Recommendation 18: The Court should direct ADWR to exclude tributary aquifers, areas of 

basin fill recharge, and the alluvial plains of ephemeral streams from the subflow zone. 

Recommendation 19: The Court should adopt Chapter 2 of the Subflow Report to the extent 

it does not conflict with any other recommendation made in this report. 

III. CONE OF DEPRESSION (Chapter 3 of the Subflow Report) 

A. Does ADWR’s recommended drawdown of greater than or equal to 0.1 foot, 
where the cone of depression has reached the edge of the subflow zone, comport with Gila IV? 

ADWR proposes to include a well in the adjudication if, at the time of the modeling, two 

conditions are met. The “first condition is that the simulated cone of depression has reached the edge 

of the jurisdictional subflow zone and drawdown at that point is greater than or equal to 0.1 foot, an 

amount that can be accurately measured in the field using standard water level measuring 

                                                                 

142 Subflow Report 5. 
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equipment.”143 The second condition is discussed in the next section. The distance of 0.1 foot is 1 

and 1/5 (or 1.2) inch. 

Gila IV affirmed the trial court’s order that wells located outside the lateral extent of the 

subflow zone “may be included in the adjudication if ‘it is proven that their “cones of depression” 

[footnote omitted] reach the “subflow” zone and the drawdown from the well affects the volume of 

surface and “subflow” in such an appreciable amount that it is capable of measurement.’”144 

ADWR’s recommendation addresses how to measure an appreciable amount. 

Because it lacked pertinent evidence, the trial court did not establish a test for determining a 

well’s cone of depression but ruled that “whatever test ADWR finds is realistically adaptable to the 

field and whatever method is the least expensive and delay-causing, yet provides a high degree of 

reliability, should be acceptable.”145 As Gila IV affirmed the trial court’s order in its entirety, 

ADWR’s recommendation will comport with Gila IV if it satisfies these criteria. 

Computer modeling is generally accepted in the scientific community to measure water 

impacts.146 Messrs. Briggs, Ford, Harmon, Lacey, Page, Marra, Dr. Mock, Dr. Montgomery, and 

ADWR have, and use, computer modeling in their professional work. These experts and ADWR 

have used analytical and numerical models for a variety of projects, and different models are used for 

different purposes, but the point is that professionals, including most of the experts who testified in 

this proceeding, use modeling as a tool to measure hydrologic impacts. 

                                                                 

143 Subflow Report 31. “The cone of depression is the funnel-shaped area around a well where the withdrawal 
of groundwater through the well has lowered the water table.” 198 Ariz. at 342-3 n.9, 9 P.3d at 1081-2 n.9; see 
also 175 Ariz. at 391 n.10, 857 P.2d at 1245 n.10. 
144 198 Ariz. at 342-3, 9 P.3d at 1081-2. 
145 Id. at 343, 1082 (quoting Goodfarb Order 62). 
146 Hrg. Tr. 79:18-25 - 80:1:5 (Oct. 21, 2003); 315:8-11 (Oct. 22, 2003). 
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ADWR recommends using computer modeling to measure the impact of a well’s cone of 

depression on the subflow zone. ADWR does not give reasons for selecting a 0.1 foot drawdown 

level, but Mr. Ford posited that: 

ADWR is proposing it because the Theis equation extends the cone of depression an 
infinite distance with an infinitesimally small drawdown. Thus, some practical 
drawdown cutoff is required. Using professional judgment, ADWR decided that the 
radius at 0.1 foot of drawdown represents the practical limit of the cone of 
depression. 147 

According to Mr. Ford, a well’s cone of depression extends beyond the point where an impact of 0.1 

foot is measured. ADWR has simply selected 0.1 foot to represent the limit of the cone of depression. 

Reliability of Modeling a 0.1 Foot Drawdown 

The principal objections against ADWR’s proposal go to the reliability of modeling a 0.1 foot 

drawdown at the edge of the subflow zone. First, although a computer program, like the THWELLS 

model ADWR proposes to use, will simulate a 0.1 foot drawdown, this predicted or simulated 

drawdown will not match the actual drawdown measured in the field. Second, it is not possible to 

determine that a drawdown of 0.1 foot is due to a specific well’s pumping because recharge, 

phreatophytes, pumping from other wells, surface water diversions, changes in river stage, and 

diurnal flow variations can cause aquifer drawdowns that cannot be isolated from the impact of a 

particular well. The objectors argue that this lack of reliability will not satisfy the clear and 

convincing evidentiary standard ADWR must meet to determine that a well’s cone of depression has 

reached the subflow zone. 

ADWR cautions that: 

It is important to remember that the accuracy of model simulations will in most, if not 
all, cases be far less accurate than the ability to measure drawdown in the field. 

                                                                 

147 Jon R. Ford Rebuttal Decl. ¶ 21 (June 27, 2003). ADWR proposes to use the THWELLS model, an 
analytical model described in chapter 3, section C, of this report, which is based on the Theis equation. The 
other model is a numerical model named MODFLOW also described in the same section. 
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Simulated water levels from even the most carefully calibrated MODFLOW models 
are typically no closer than ± 5 to 10 feet from the actual water levels measured in the 
field. And, unless water level data are available at the pumping well and at the edge of 
the jurisdictional subflow zone, it will be difficult to determine if the model 
simulations are overestimating or underestimating the true drawdown at these 
points.148 (Emphasis added.) 

The objectors focus on the underlined sentence to show the disparity between simulated and 

measured drawdowns even when using the most carefully calibrated MODFLOW model. It is not 

argued that field technicians cannot measure a drawdown of 0.1 foot in the field with standard 

hydrologic instruments. Although the trial court stated in 1994 that it “believes such close 

measurements [as a 0.1 foot drawdown] are difficult, at best, in the field,”149 the testimony did not 

substantiate this belief. Mr. Mason testified that ADWR’s technicians can measure in the field a 

well’s drawdown to 0.1 foot, and in some cases, even down to 0.01 or .05 of a foot.150 The objection 

is that a computer model’s simulated drawdown will not match the field measured true drawdown. 

The MODFLOW model divides an aquifer into rectangular blocks which are then organized 

by rows, columns, and layers. Each block is called a cell. MODFLOW can consider numerous cells. 

Mr. Ford declared that: 

[E]ach cell can have only a single value for each required parameter. The model 
assumes the water level in a given cell is everywhere the same. Therefore, if the cell 
size is such that the actual water level varies five to ten feet across the cell, the model 
cell value would vary from field values by the five to ten feet cited.151 

A difference between a value representing a cell and a field measurement “does not imply error” but 

“means that the average value for the area represented by the cell size is different than at a point 

                                                                 

148 Subflow Report 31-32. 
149 Goodfarb Order 62. 
150 Hrg. Tr. 68:9-14 (Oct. 21, 2003). Dr. Montgomery testified, “[i]t’s easy to measure a change in water level 
of a tenth of a foot if that change occurs over a short period.” Id. at 120:6-7. 
151 Jon R. Ford Rebuttal Decl. ¶ 66 (June 27, 2003). 
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within the model cell.”152 Dr. Mock likewise opined, “I doubt that the 5-10 foot number is from the 

comparison of simulated to measured drawdowns, as opposed to the comparison of simulated to 

measured water- level elevations for a specific location.”153 A difference of five to ten feet in 

drawdown may not necessarily be found at every location within the cell or test area. 

Mr. Ford expressed his opinion about the reliability of the MODFLOW model as follows: 

If MODFLOW could not be more accurate than plus or minus 10 feet in its 
ability to predict the head distribution or drawdown in an aquifer, it would be of little 
use. However, MODFLOW is widely used in both the environmental engineering and 
ground water supply communities to analyze extremely complex situations. Federal 
agencies…rely upon the ability and accuracy of MODFLOW. So do many state 
agencies that are concerned about ground water contamination and water rights 
administration. 154 

Dr. Montgomery and Mr. Anderson declared: 

While model projections have a high level of precision, they are not necessarily 
accurate. Model projections can only be as accurate as the hydraulic parameter values 
used for model input. Relatively small changes in input parameters may result in 
substantial changes in model projections for drawdown. 155 

Dr. Mock similarly declared about the importance of reliable parameter values: 

Theis and MODFLOW…models can accurately calculate drawdowns to the 
hundredth of a foot or better, given acceptable parameter inputs. The real concern 
should be for the parameters used in these models.156 

According to Mr. Mason, a computer model’s uncertainty arises from the many parameters 

the modeler is adjusting such as hydraulic conductivity, saturated thickness, and storage coefficient, 

                                                                 

152 Id. at ¶ 51. 
153 Peter A. Mock Rebuttal Decl. 7 (June 27, 2003). 
154 Jon R. Ford Rebuttal Decl. ¶ 52 (June 27, 2003). 
155 Errol L. Montgomery and Thomas W. Anderson Rebuttal Decl. 17 (June 27, 2003). 
156 Peter A. Mock Rebuttal Decl. 7 (June 27, 2003). Messrs. Harmon and Palumbo declared, “Briggs 
recommends that well information [in ADWR’s records] such as well depth, water levels, water quality, 
should be used in helping to determine whether any individual well should be subject to the Adjudication. We 
agree with this statement.” Eric J. Harmon and Mark R. Palumbo Rebuttal Decl. 32 (June 27, 2003). 
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but once these are defined by calibration, Mr. Mason agreed that “drawdown can be fairly accurately 

predicted.”157 

Gila IV requires that the cone of depression test must yield results with a high degree of 

reliability. Under the clear and convincing evidentiary standard, ADWR’s determination that a well’s 

cone of depression impacts the subflow zone means it is highly probable the cone of depression has 

reached the edge of the subflow zone. The Special Master finds that a computer model’s simulation 

of a greater than or equal to 0.1 foot drawdown can satisfy the degree of reliability required by Gila 

IV and the highly probable standard of clear and convincing evidence. The requisite reliability will 

depend, as Dr. Mock and Dr. Montgomery stated, on the quality and quantity of parameter inputs. A 

focused and reasonable effort to collect and use reliable data and information must be made if a high 

degree of reliability is to be attained. 

Alternatives to a 0.1 Foot Drawdown 

Dr. Montgomery and Messrs. Harmon, Palumbo, and Anderson suggested a drawdown of ten 

feet. This level is based on ADWR’s well spacing and impact standards, for wells in active 

management areas, of ten feet of drawdown over the first five years of operations, to determine well-

to-well impacts.158 Dr. Montgomery also suggested five to ten feet based on the drawdown that can 

be reliably simulated with MODFLOW according to ADWR’s statements in the Subflow Report. 

Mr. Ford declared that: 

In the case of well-to-well interference, the usual issue is whether a new well would 
significantly reduce the yield of a nearby existing well. In that case, well yield is not 
particularly sensitive to (affected by) drawdown, so a 10-foot criterion may be 
appropriate. In the case of determining the radius of the cone of depression, a 10-foot 
criterion is not appropriate because…the radius of the cone of depression is very 
different if the drawdown criterion is different by only a small amount.159 

                                                                 

157 Hrg. Tr. 72:18-21 (Oct. 21, 2003). 
158 Temporary Rule R12-15-830 (Well Spacing and Well Impact) (Mar. 11, 1983); see A.R.S. § 45-598(A). 
159 Jon R. Ford Rebuttal Decl. ¶ 69 (June 27, 2003). 
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According to Mr. Ford, ADWR’s well spacing standards are not intended to determine if a 

well’s cone of depression impacts the subflow zone, but to determine if a well will interfere with 

another well. The standards relate to a well’s pumping lift. Measuring a well’s potential interference 

with a nearby well is, however, not the same as measuring the impact of a cone of depression on the 

subflow zone in accordance with Gila IV. 

Mr. Gookin testified that if a ten-foot drawdown standard were adopted, “[b]y the time this 

adjudication is done, it would destroy the stream.”160  Mr. Page declared that “if all wells were 

subject to this standard the San Pedro River would become an ephemeral stream.”161 This 

consequence is due to the fact that a well’s cone of depression extends farther out than the point 

where a ten-foot drawdown is measured. A well will withdraw water from the subflow zone long 

before a ten-foot drawdown level is reached. 

Mr. Gookin suggested a maximum drawdown of 0.25 foot, but only if 0.1 foot is found “to be 

too tight a measurement.”162 Because the Special Master does not find that 0.1 foot is too tight a 

measurement for a cone of depression test, a 0.25 foot drawdown is not considered. 

Mr. Briggs recommended implementing a concept often used to investigate the feasibility of 

recovering contaminated groundwater called “capture zone.” The capture zone is the area where 

pumping the well depresses water levels. “All groundwater within the capture zone ultimately 

reaches the pumped well,” but “[a]ll groundwater outside the capture zone, even if within the ‘cone 

of depression,’ escapes the effect of the well and continues down gradient.”163 Mr. Briggs posited 

that “drawdown” is not the issue, but “capture” of water by a well is the trial court’s concern. 

                                                                 

160 Hrg. Tr. 315:23-24 (Oct. 22, 2003). 
161 Oliver S. Page Rebuttal Decl. 10 (June 27, 2003). 
162 T. Allen J. Gookin Rebuttal Decl. ch. XI, 2 (June 27, 2003); see also Peter A. Mock Rebuttal Decl. 8 (June 
27, 2003). 
163 Philip C. Briggs Decl. ¶ 8a (June 17, 2002). 
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Messrs. Harmon and Palumbo found the concept “confusing in the context of this 

Adjudication,” although it “does appear to be valid.”164 Mr. Ford declared that: 

Although capture analysis would demonstrate that a well is depleting the 
Subflow Zone, capture analysis is not by itself sufficient, because places likely exist 
where a pumping well located outside the Subflow Zone induces water to leave the 
Subflow Zone that is not captured by the well even though the Subflow Zone is still 
depleted. Furthermore, Mr. Briggs does not provide a method for performing the 
capture zone analysis. In my experience, some sort of drawdown analysis is first 
required in performing a capture zone analysis. Thus, Mr. Briggs’ suggestion that 
ADWR perform capture zone analysis would require more effort, not less.165 

Dr. Montgomery and Mr. Anderson opined that capture zone analysis considers the “presence or 

absence of a groundwater divide” rather than “drawdown at the edge of the subflow zone.”166 The 

issue of a groundwater divide in the cone of depression analysis is discussed in the next section. The 

Special Master finds that although capture zone analysis may be a method to measure the  impact of a 

well on the subflow zone, there is insufficient evidence in the record to conclude that ADWR’s 

recommended procedures should be rejected in favor of capture zone analysis. 

Economy and Expediency 

ADWR’s proposed cone of depression test must also be evaluated alongside the alternatives 

in order to determine which is the least expensive and delay-causing method. Alternatives presented 

consisted of using monitoring wells rather than modeling, and second, adopting higher drawdown 

levels that allegedly can be simulated more accurately than 0.1 foot. 

Dr. Montgomery and Mr. Anderson recommended that “monitor wells should be used to 

determine if, and or when, the hydraulic gradient is inclined downward from the subflow zone 

toward a pumping well.”167 To determine if the hydraulic gradient is continuously inclined 

                                                                 

164 Eric J. Harmon and Mark R. Palumbo Rebuttal Decl. 33 (June 27, 2002). 
165 Jon R. Ford Rebuttal Decl. ¶ 27 (June 27, 2003). 
166 Errol L. Montgomery and Thomas W. Anderson Rebuttal Decl. 16 (June 27, 2003). 
167 Id. at 18. 
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downward from the subflow zone to a well, according to Dr. Montgomery, ADWR should drill 

monitor wells near the subflow zone and measure water levels in these and other wells. He estimated 

two monitor wells for each existing well would be appropriate to determine if the hydraulic gradient 

has reversed.168 Dr. Montgomery could not estimate the number of wells that would have to be 

drilled and at what cost. As there are nearly 6,500 wells in the San Pedro River Watershed,169 at least 

more than 6,500 monitor wells would have to be drilled. Mr. Marra testified that determining the cost 

of drilling and setting up a monitor well is “a difficult question to answer because monitor wells can 

be designed for different reasons and they can be designed at different depths and all of these factors 

will be involved in making an estimate of the cost,” but he estimated the cost of drilling two wells to 

monitor a one thousand gallons per minute well with a depth to water of 300 feet “could range from 

$25,000 to $30,000.”170 A consideration for such a project is that landowners might deny access for 

drilling wells. 

ADWR has stated it “does not currently have the resources to conduct cone of depression 

tests across wide areas of the Gila River adjudication” even using modeling.171 During the past three 

years, ADWR has made the trial court, Special Master, and parties well aware of its weak budget 

situation. The Special Master finds that for reasons of cost, implementation, and delay such a well 

monitoring project is neither feasible nor practical and would not satisfy Gila IV’s criteria of 

economy and expediency. 

After considering the extensive evidence presented on this issue, the Special Master finds that 

computer modeling is an appropriate, workable, and reliable method to conduct cone of depression 

                                                                 

168 Hrg. Tr. at 133:24 - 136:13; 154:20 - 155:2 (Oct. 21, 2003). 
169 Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 30, 32 (June 17, 2002). Dr. Mock characterized 
this alternative as “the largest hydrogeologic field investigation program in human history.…” Peter A. Mock 
Rebuttal Decl. 36 (June 27, 2003). 
170 Hrg. Tr. 443:3-12 (Oct. 22, 2003); cf. W. Gerald Matlock Rebuttal Decl. ¶ 11(m) (June 27, 2003). 
171 Subflow Report 22. 
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tests, and second, ADWR’s recommended drawdown of greater than or equal to 0.1 foot drawdown 

comports with Gila IV. The modeling of a simulated drawdown of greater than or equal to 0.1 foot is 

realistically adaptable to the field, is the least expensive and delay-causing method, and provides a 

high degree of reliability. This finding is valid as long as ADWR strives to obtain reliable data and 

information to safeguard the requisite reliability of the cone of depression test. The cone of 

depression tests must not be allowed to become unreasonably theoretical exercises. There must be an 

ongoing reasonable effort to obtain and use reliable data for the model’s parameters. 

Recommendation 20: The Court should adopt ADWR’s recommended drawdown of greater 

than or equal to 0.1 foot where a well’s cone of depression has reached the edge of the subflow zone. 

Recommendation 21: The Court should direct ADWR to obtain and use reliable data and 

information on an ongoing basis to safeguard the reliability of the cone of depression test. 

B. Does ADWR’s recommended condition that the water level in a well be below the 
water level in the subflow zone during pumping comport with Gila IV? 

ADWR recommends that a well be included in the adjudication if at the time of modeling, 

“the water level in the well is below the water level in the jurisdictional subflow zone during 

pumping. If the water level in the well is above the water level in the jurisdictional subflow zone 

during pumping, the well cannot be pumping subflow.”172 (Italics in report.) 

Messrs. Harmon and Palumbo declared that, “[i]n order for a well to withdraw appropriable 

subflow, the groundwater gradient must flow from the subflow zone to the well over the entire 

distance between the subflow zone and the well.”173 Dr. Montgomery and Mr. Anderson declared 

that ADWR “has incorrectly indicated that if the cone of depression reaches a stream, and if [the] 

pumping groundwater level at the well is lower than the stream, then the well is drawing 

                                                                 

172 Subflow Report 31. 
173 Eric J. Harmon and Mark R. Palumbo Decl. 36, Figs. 1-3 (June 17, 2002). 
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groundwater from the stream” because “[e]ven if the cone of depression reaches the stream, water is 

not drawn from the stream and/or subflow, unless an inclination of hydraulic gradient is 

demonstrated to occur continuously across the distance from the stream to the pumping well.”174 

(Underlining in declaration.) These experts submitted conceptual diagrams showing situations where 

the water level in a well is below the water level in the subflow zone, or a well’s cone of depression 

has reached the subflow zone, but the well is not withdrawing subflow. 

Messrs. Harmon, Palumbo, Anderson, and Dr. Montgomery believe ADWR must show that 

the hydraulic gradient between the well and the subflow zone has reversed. In other words, the  

gradient flows downward continuously from the subflow zone to the well rather than flowing from 

the well down to the stream. Another way of expressing this point is to say that the groundwater 

divide, “the point at which groundwater either goes to the well or to the river, has reached the 

subflow zone.”175 In short, whether a well’s cone of depression depletes subflow or stream flow 

depends on the direction and magnitude of the hydraulic gradient between the stream and the well. 

To determine if the hydraulic gradient is continuously inclined downward from the subflow 

zone to a well, according to Dr. Montgomery, ADWR should drill monitor wells near the subflow 

zone and measure water levels in these and other wells. Dr. Montgomery estimated two monitor 

wells for each existing well would be appropriate to determine if the hydraulic gradient has 

reversed.176 Dr. Montgomery could not estimate the number of wells that would have to be drilled 

and at what cost. As there are nearly 6,500 wells in the San Pedro River Watershed,177 at least more 

than 6,500 monitor wells would have to be drilled. This well monitoring project has been previously 

described, and the  Special Master has found that for reasons of cost, implementation, and delay, such 
                                                                 

174 Errol L. Montgomery and Thomas W. Anderson Decl. 20, Figs. 1-8 (June 17, 2002). 
175 Hrg. Tr. 116:14-16 (Oct. 21, 2003). 
176 Id. at 133:24 - 136:13; 154:20 - 155:2 (Oct. 21, 2003). 
177 Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 30, 32 (June 17, 2002). 
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a project is neither feasible nor practical and would not satisfy Gila IV’s criteria of economy and 

expediency. 

Mr. Ford disagrees with ADWR’s second condition because pumping from a well whose 

cone of depression reaches the subflow zone, even if the hydraulic gradient has not been reversed, 

“will induce some amount of water to exit the subflow zone.”178 That amount of water will not enter 

a well whose water level is above that of the subflow zone, but will travel downstream generally 

parallel to the subflow zone. According to this view, because some appropriable water has been 

induced out of the subflow zone, even when the water does not flow toward the well whose cone of 

depression has entered the subflow zone, the well should be included in the adjudication. Dr. 

Montgomery and Mr. Anderson disagreed with Mr. Page’s declaration that subflow leaves the 

subflow zone as soon as a well’s cone of depression expands to the subflow zone. 

Mr. Ford declared that adoption of ADWR’s condition “would require DWR to measure the 

water levels in each individual well, which is problematic” because “[p]umping levels are somewhat 

difficult to measure, and they often vary seasonally and with irrigation return flows or other 

recharge,” and “the construction of many wells makes it virtually impossible to measure their 

pumping levels.”179 

Mr. Mason, manager of ADWR’s Groundwater Modeling Section, testified regarding 

ADWR’s proposed cone of depression test. He testified that ADWR proposes “three criteria,” the 

first two being the two previously stated conditions, and the third is that the groundwater divide has 

reached the subflow zone.180 

                                                                 

178 Jon R. Ford Decl. ¶ 19b (June 17, 2002). 
179 Id. at ¶ 19c. 
180 Hrg. Tr. 116:10-16; 77:5-10 (Oct. 21, 2003). 
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Dr. Mock and Mr. Gookin did not find ADWR’s second condition useful and suggested a 

way to make it less confusing. Dr. Mock declared that the condition “is acceptable” only “[a]s long 

as the level of the jurisdictional subflow zone up to its entrance into the basin of interest is 

considered.”181 It “is difficult to conceive of a well that won’t meet this ‘second condition’” because 

“all wells in a basin containing a subflow zone will have water levels below the stage of the river at 

the point where it enters the basin.”182 Mr. Toy declared that this concept ignores the existence of 

natural hydraulic boundaries “such as bedrock boundaries” that “can limit or prevent subflow from 

the head of a basin ever reaching certain basin areas,” and secondly, natural, incidental, and artificial 

recharge (such as Central Arizona Project water and effluent).183 Dr. Matlock declared the “concept 

ignores the fact that wells draw water from several other sources.”184 

The trial court found seven principles necessary to define the subflow zone (the first five are 

discussed in chapter 2, section D). The seventh principle, which covers this issue, is: “Wells located 

outside the lateral parameters of the defined ‘subflow’ zone are not included unless it is proven that 

their ‘cones of depression’ reach the ‘subflow’ zone and the drawdown from the well affects the 

volume of surface and ‘subflow’ in such an appreciable amount that it is capable of measurement.”185 

This principle has two elements, first, the well’s cone of depression has reached the subflow zone, 

and second, the well’s drawdown affects subflow and stream flow in a measurable amount. 

                                                                 

181 Peter A. Mock Decl. 26 (June 17, 2002). 
182 Id. at 27. Mr. Gookin shares this view declaring that “[a]ny well outside the subflow zone should be 
deemed to be taking subflow once the piezometric (water table) surface of that well drops below the water 
elevation of the river entering the individual valley in consideration.” T. Allen J. Gookin Decl. sec. 3, 3 (June 
17, 2002). 
183 Doug Toy Rebuttal Decl. 2, 3 (June 27, 2003). 
184 W. Gerald Matlock Rebuttal Decl. ¶ 15(l) (June 27, 2003). 
185 Goodfarb Order 36. In the summary of its findings, the trial court stated that in order to include in the 
adjudication a well located outside the subflow zone, there must be a finding that the well’s cone of depression 
“has now extended to a point where it reaches an adjacent ‘subflow’ zone, and by continual pumping will 
cause a loss of such ‘subflow’ as to affect the quantity of the stream.” Id. at 66. 



 

W1-103/FinalRep/July16, 2004 73 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

The trial court described the testimony of Dr. Montgomery and Messrs. Ford and Page  

regarding reversal of hydraulic gradient : 

As Montgomery admitted, stream depletion occurs as soon as the “cone of 
depression” reaches the stream, even though it may be some time before the hydraulic 
gradient at the river is reversed, and may be many years before a particle travels from 
the stream to the well. (citation to transcript omitted). Ford and Page contend that 
streamflow depletion first takes place when the cone intersects the stream, not when 
the hydraulic gradient is reversed or the molecule of streamflow is ejected by the well. 
(citations to transcript omitted). It is beyond dispute that even before the gradient is 
reversed, a measurable drawdown at the stream’s “subflow” zone necessarily results 
in water leaving the zone in order to fill the void which has been created by the well. 
Ford’s Report, (citation omitted) [when the cone intersects the “subflow” zone, it 
“induce[s] subflow to leave (deplete the Subflow Zone and the stream”)]. This is true 
even where the gradient has not been reversed everywhere between the well and the  
stream.186 (Emphasis added.) 

Gila IV affirmed the trial court’s order in all respects and held that a well located outside the 

subflow zone will be included in the adjudication if “the well’s cone of depression extends into the 

subflow zone and is depleting the stream.”187 

The Special Master interprets the trial court’s ruling and its affirmance in Gila IV to hold that 

hydraulic gradient reversal, or that the gradient is continuously inclined from the subflow zone to the 

well, is not required to determine if a well’s cone of depression is withdrawing appropriable subflow. 

A cone of depression test, however, must yield results with a high degree of reliability, and although 

gradient reversal is not required under Gila IV to include a well in the adjudication, its consideration 

will increase the reliability of a questionable cone of depression test. ADWR should proceed with its 

proposal to investigate water levels in wells and in the subflow zone during pumping and the extent  

of hydraulic gradient reversal, but the trial court should not adopt ADWR’s second condition as a 

requisite for including a well in the adjudication. 

                                                                 

186 Id. at 61. 
187 198 Ariz. at 343, 9 P.3d at 1082. 
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Recommendation 22: The Court should not adopt as a condition to include a well in the 

adjudication that the water level in the well is below the water level in the subflow zone during 

pumping. 

Recommendation 23: The Court should not adopt as a condition to include a well in the 

adjudication that the hydraulic gradient is continuously inclined from the subflow zone to the well. 

C. What is the accuracy and reliability of analytical (THWELLS) and numerical 
(MODFLOW) models for the cone of depression test? 

ADWR proposes to use both analytical and numerical models for the cone of depression tests. 

Models are sets of mathematical flow equations whose solutions yield simulations of the behavior of 

aquifers in response to stresses. ADWR recommends using an analytical computer-based program 

called THWELLS (van der Heijde, version 4.01, 1996) to evaluate a well’s cone of depression where 

“the aquifer system is less complex and the flow equations can be solved directly using calculus.”188 

ADWR recommends that a numerical model called MODFLOW (McDonald and Harbaugh, 1988; 

Harbaugh and McDonald, 1996) “only be used to evaluate the cone of depression of a well in special 

circumstances where, based on the conceptual model, the aquifer system is exceedingly complex and 

the flow equations can only be solved by recasting them in algebraic form.”189 ADWR does not 

indicate what percentage of the cone of depression tests will be done using each model. 

ADWR has considered economy and expediency to select a computer-based model it believes 

will yield simulations with a high degree of reliability in different aquifer systems. In support of its 

recommendations, the department explains that: 

                                                                 

188 Subflow Report 28; app. G of the report contains a description of the THWELLS program. 
189 Id. at 29; app. H of the report contains a description of the MODFLOW program. “Currently, MODFLOW 
is the most widely used program in the world for simulating ground-water flow.” Id. app G, Fact Sheet, 1. 
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1. Analytical models “can be constructed relatively quickly” using commercially available 

computer software such as THWELLS.190 

2. “[D]evelopment of numerical models is still a very time consuming process that requires 

substantial field data to justify its use and to properly calibrate.”191 

3. Both models will give approximate solutions to the mathematical flow equations used in 

each program. 

The testimony elicited the following regarding THWELLS and MODFLOW: 

1. Mr. Mason, manager of ADWR’s Groundwater Modeling Unit, testified that an analytical 

model assumes an isotropic homogeneous aquifer (as opposed to heterogeneous).192 There are 

aquifers in the San Pedro River Watershed that are not homogeneous. In aquifers where the “geology 

or the hydrology [is] complicated,” ADWR would use a numerical model.193 

2. Mr. Mason testified that an analytical model assumes an aquifer has an infinite areal 

extent.194 On the other hand, a numerical model divides an aquifer into rectangular blocks which are 

then organized by rows, columns, and layers. Each block is called a cell. THWELLS assumes a 

single model cell or block in infinite dimensions, while MODFLOW can consider numerous cells. 

Dr. Montgomery and Mr. Anderson declared that “both tributary aquifers and Holocene alluvial 

aquifers in Arizona stream valleys are of limited rather than infinite extent.”195 

                                                                 

190 Id. at 29. 
191 Id. 
192 Hrg. Tr. 98:16-18 (Oct. 21, 2003). 
193 Id. at 93:16-18; 116:3-5. Mr. Burtell, for example, testified that in a preliminary appraisal of the water 
development potential of a mine in Tombstone, located in the San Pedro River Watershed, he had 
recommended using a numerical model due to the mine’s bedrock aquifer system. Id. at 45:19-46:5. 
194 Id. at 98:19-20. 
195 Errol L. Montgomery and Thomas W. Anderson Decl. 23 (June 17, 2002). They also declared that “[f]ew 
aquifers may approach homogeneous conditions.” Id. 
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3. A greater number of cells allows a numerical model to account better than an analytical 

model for geologic deposits (such as inliers, relic fan deposits, or bedrock) that come through but are 

not floodplain Holocene alluvium because these deposits can be anticipated with individual cells.196 

4. In a numerical model, each well can be placed in its own cell and its cone of depression 

analyzed. Such a cell “could be very small.”197 

5. The greater the number of cells used in a numerical model the higher is the likelihood of 

data entry errors and the difficulty of managing the information.198 

6. In a numerical model, although it would be difficult to implement, cells can be included or 

excluded (“turned on and off”) from different test runs.199 

7. Mr. Mason testified that “with THWELLS” the modeler uses “whatever data you have 

available,” and “you really can’t calibrate” THWELLS.200 Calibration is a way to see if the model 

applied to a field situation is an acceptable representation. 

8. A numerical model such as MODFLOW is calibrated with hydrologic or well information 

obtained from field investigations  or reliable sources, and is run until its results agree with the 

calibrating data (“until the model agrees with the real world”).201 

9. Dr. Mock declared it is not true “that only numerical models should be calibrated,” and 

“[c]alibration should be required of both analytical and numerical models.”202 

10. Both THWELLS and MODFLOW “require information for aquifer hydraulic parameters 

of hydraulic conductivity and storage coefficient, saturated thickness of the aquifer, pumping rate of 

                                                                 

196 Hrg. Tr. 165:14-23 (Oct. 21, 2003). 
197 Id. at 166:2-9; 88:7-11. 
198 Id. at 88:7-11; see also Jon R. Ford Rebuttal Decl. ¶¶ 12, 13 (June 27, 2003). 
199 Hrg. Tr. 88:17-23; 166:22-167-6 (Oct. 21, 2003). 
200 Id. at 81:20-21. 
201 Id. at 69:23-24; 81:23. 
202 Peter A. Mock Decl. 26 (June 17, 2002); Messrs. Harmon and Palumbo agreed with this opinion. 
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the well, duration of pumping, and distance from the well to the point where drawdown is to be 

estimated.”203 The Subflow Report describes how the department plans to obtain and use these data. 

The information is not always available or reliable, and its interpretation may require considerable 

professional judgment and expertise. 

11. Mr. Ford testified that THWELLS “doesn’t take into account very well the effects of 

phreatophytes” or of recharge from either precipitation or basin fill aquifers.204 Recharge includes 

artificial recharge. 

12. Dr. Mock testified it could cost “in the range of $250,000 to $500,000 to develop” a 

MODFLOW model for either the upper or lower portions of the San Pedro River Watershed.205 This 

estimate is to develop the model and does not include some operational costs such as sensitivity 

analysis. His “rough approximation” for a similar THWELLS model is “[p]erhaps half the cost.”206 

The parties split between those who favor using exclusively a numerical model for the cone 

of depression test, and those who believe ADWR has the expertise to select the appropriate model for 

an aquifer system and should be allowed to do so. ADWR uses both analytical and numerical models 

in its statutory activities. It has developed numerical models for the San Pedro River Watershed. In 

the Final San Pedro River Watershed HSR (1991), ADWR presented a MODFLOW analysis 

assessing the cumulative impact of eight municipal water companies on the aquifers near Fort 

Huachuca and the San Pedro Riparian National Conservation Area. 

Mr. Harmon testified that: 

There may be physical situations where the geology is fairly simple. The hydrology is 
not complex. There are not a lot of recharge inputs or discharge outputs; and in that 
case the analytic model might be just fine…. 

                                                                 

203 Errol L. Montgomery and Thomas W. Anderson Decl. 21 (June 17, 2002). 
204 Hrg. Tr. 260:7-18 (Oct. 22, 2003); 107:1-5 (Oct. 21, 2003). 
205 Id. at 405:17 (Oct. 22, 2003). 
206 Id. at 406:14-16. 
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In other instances and I think in my opinion many instances the geology is 
complex, heterogeneous. There are lots of inputs and outputs, gradients to the water 
table which may be in multiple directions and slopes. In that instance, it would 
probably take a well-calibrated MODFLOW model with good data to back it up…. 

QUESTION. So it will be different depending on the situation. 

ANSWER. I believe it would.207 

Responding to when THWELLS or MODFLOW should be used, Mr. Ford testified: 

[I]t depends on the situation. There may be places where it makes very little 
difference whether you use THWELLS, MODFLOW. THWELLS in my view would 
be far less expensive to utilize. I think in those cases then THWELLS should be used. 

I think DWR has the ability to make those professional decisions….208 

Because ADWR recommends modeling for the cone of depression test, whether an analytical 

or a numerical model will be used is a critical component of the cone of depression test. The 

selection must be subjected to the criteria set forth in Gila IV  for the cone of depression test, namely, 

the model should be (1) “realistically adaptable to the field,” (2) “is the least expensive,” (3) the least 

“delay-causing,” and (4) “provides a high degree of reliability.”209 

The evidence does not support a finding that ADWR should use a numerical model or 

MODFLOW as the exclusive model for the cone of depression test. The evidence shows an 

analytical model is valid for a cone of depression test where the aquifer system is homogeneous, 

hydrologic conditions are simple, and the required information is reliable. For those aquifer systems, 

an analytical model like THWELLS would be the least expensive and delay-causing model, 

realistically adaptable to the field, that will provide highly reliable results. 

                                                                 

207 Id. at 368:17-369:5. 
208 Id. at 266:17-20; Messrs. Harmon and Palumbo declared, “[t]he possible use of these two models in cone of 
depression analyses is not an issue. However, the proper selection of one model or the other in the analysis of 
a particular well is a significant issue.” Eric J. Harmon and Mark R. Palumbo Decl. 30 (June 17, 2002). 
209 198 Ariz. at 343, 9 P.3d at 1082 (quoting Goodfarb Order 62). 
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The evidence, however, shows that a numerical model such as MODFLOW will provide a 

higher degree of reliability than an analytical model when the aquifer system is heterogeneous or 

when an analytical model cannot take into account very well certain conditions, for example, 

phreatophytes and artificial or natural recharge. 

ADWR has the expertise and experience to conduct cone of depression tests. The department 

should be allowed to exercise its best professional judgments and technical analysis to utilize the 

most appropriate model that satisfies Gila IV’s criteria for the cone of depression test. ADWR 

should, however, undertake an ongoing program to collect and obtain reliable information to use in 

the cone of depression tests. Regarding calibration, the Special Master finds that analytical and 

numerical models can be calibrated, calibration increases the reliability of results, and accordingly, 

ADWR should calibrate both models whenever feasible. 

The majority of the experts expressed a preference for numerical models. The Special Master 

believes ADWR should use MODFLOW or a numerical model whenever there is professional doubt 

that THWELLS will not yield reliable results. Economy and expediency should not win over 

appropriate and prudent professional decisions, as what is gained today could be lost tomorrow in 

increased litigation over flawed assumptions or inadequate work. The decision to switch from an 

analytical to a numerical model in a particular situation should not be finessed. 

Recommendation 24: The Court should adopt ADWR’s proposal to use both analytical 

(THWELLS) and numerical (MODFLOW) models for the cone of depression tests. 

Recommendation 25: The Court should direct ADWR to implement promptly any new 

versions of THWELLS or MODFLOW, if they will provide more reliable results. 

Recommendation 26: The Court should direct ADWR to calibrate whenever feasible both 

the analytical and numerical models used for the cone of depression tests. 
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Recommendation 27: The Court should direct ADWR as part of its investigations to collect 

and obtain reliable information for the cone of depression tests. 

D. Is ADWR’s recommendation that the impact of a well be measured “at the time 

of the modeling”210scientifically valid? 

ADWR recommends that the impact of a well on the subflow zone be measured at the time 

ADWR does the cone of depression test. ADWR proposes to run the cone of depression test for a 

well beginning on the date the well was constructed and ending on the date the modeling is done.211 

The test will not measure the future impact of a cone of depression. After the time of modeling, the 

well’s cone of depression could stabilize, expand into the subflow zone, or decrease if, for example, 

the well is capped. These effects occur gradually.212 ADWR’s test is called transient state modeling. 

The Subflow Report does not give ADWR’s reasons for the recommendation. Mr. Mason 

provided a reason when he testified that ADWR’s proposal does not include future impacts of a well 

“because we don’t know what’s going to happen in the future.”213 

The parties favoring measuring future impacts argue that a well may not impact the subflow 

zone on the day ADWR does the cone of depression test, but the well may do so in the near future. 

Therefore, not measuring future impacts will result in many wells being excluded from the 

adjudication even though they will pump subflow at a future time. Although these wells could be 

retested later, these parties argue that ADWR may not have the resources to do ongoing cone of 

depression tests in the same watershed, and second, claimants should not be burdened with 

prosecuting enforcement actions to bring those wells into the adjudication. 

                                                                 

210 Subflow Report 31. 
211 Hrg. Tr. 115:18-23 (Oct. 21, 2003). 
212 See Goodfarb Order 59-60; see also T. Allen J. Gookin Decl. sec. 3, 1-2 (June 17, 2002). 
213 Hrg. Tr. 90:1-5; 102:22-23 (Oct. 21, 2003). 
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The parties on the other side of this issue argue that, as Mr. Mason testified, the future is 

unknown, and pumping histories and water uses can vary over time; consideration of time of 

pumping is not necessary as long as data obtained from monitoring wells shows the groundwater 

gradient has reversed; and wells presently not pumping appropriable subflow would be improperly 

included in the adjudication on the ground they may impact the subflow zone at a future time. 

Parties presented three alternatives for the length of simulations that will account for future 

impacts: (1) a fixed period such as five, ten, or twenty years,214 (2) the timing of maximum 

drawdown at the subflow zone,215 and (3) modeling to steady state conditions.216 

The five-year period is related to ADWR’s well spacing standard of ten feet of drawdown 

over five years to determine if a well will interfere with another well in an active management area. 

Measuring a well’s potential interference with a nearby well is, however, not the same as measuring 

the impact of a cone of depression on the subflow zone in accordance with Gila IV’s holdings, and 

moreover, a ten-foot drawdown would be measured long after a well’s cone of depression has 

induced water out of the subflow zone. 

Only Dr. Montgomery and Mr. Anderson declared in favor of using a period of ten or twenty 

years, and their evidence was limited to the statement that, “this period is sufficiently long to exclude 

wells that pump small amounts but is sufficiently long to assure that most large-scale pumping wells 

would be included in the adjudication if the cone of depression reaches the edge of subflow.”217 Dr. 

                                                                 

214 Errol L. Montgomery and Thomas W. Anderson Decl. 8, 25 (five years) (June 17, 2002); Errol L. 
Montgomery and Thomas W. Anderson Rebuttal Decl. 25 (ten and twenty years) (June 27, 2003). 
215 Peter A. Mock Decl. 26 (June 17, 2002); see Errol L. Montgomery and Thomas W. Anderson Rebuttal 
Decl. 24 (June 27, 2003) for their opinion that Dr. Mock “believes…model projections should be run until at 
least the year 2100.” 
216 Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 25 (June 17, 2002). Mr. Toy testified, “[i]f you 
wanted to see the ultimate effect a well had, you would pump it to steady state.” Hrg. Tr. 397:4-5 (Oct. 22, 
2003). 
217 Errol L. Montgomery and Thomas W. Anderson Rebuttal Decl. 25 (June 27, 2003). 
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Mock recommended the timing of maximum drawdown with the declaration that it “would be a 

better measure of minimum time for simulation and should be, as the impact on flows will be, 

dependent on the local conditions.”218 No further evidence was presented on these alternatives. 

Mr. Page and Dr. Mock criticized ADWR’s time of the modeling and assigning a fixed period 

to all simulations because these periods are arbitrary. Underlying this argument is the position that 

cones of depression can expand over time, and expanding cones of depression can have substantial 

impacts on the subflow zone and aquifers. In its 1994 order, the trial court described some of the 

“destructive ability” of cones of depression in desert and semi-desert environments.219 Under these 

experts’ view, a test that does not consider the future impact of a cone of depression is arbitrary and 

“unrealistic” because it “ignores the concept that, eventually, impacts will be felt.”220 

More evidence was presented regarding the proposal that all simulations be run as steady 

state or long enough to approximate steady state conditions. Mr. Page explained the benefits of using 

a steady state model: 

The term steady-state refers to an equilibrium hydrologic condition where…an 
equilibrium is established between the pumping well, and the amount of water they 
pump that is obtained from streams, recharge and underground water storage. In 
steady-state, these are constant and do not change over time. Usually long term 
average hydrology is used as input. Time is not an input to the model, eliminating the 
need to define a specific time period. 

This approach…addresses the fact that the period of future use of wells (or 
their replacements) cannot be predicted, but is important to the cumulative impact of 
wells on subflow. This approach also simplifies the issue of how to assess the impact 
of future wells drilled due to growth…. 

                                                                 

218 Peter A. Mock Decl. 26 (June 17, 2002). 
219 Goodfarb Order 59-60. 
220 T. Allen J. Gookin Rebuttal Decl. ch. XIV 1, 2 (June 27, 2003). 
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The use of steady-state simulations as a means for evaluating wells will result 
in a greater number of wells that have cones of depression that intersect the subflow 
boundary. 221 

Mr. Page declared that steady state simulations are “available to all numerical and some 

analytical models.”222 (Emphasis added.) It is not known if the steady state simulations are available 

for the THWELLS analytical model ADWR proposes to use. 

Regarding a steady state model, Messrs. Harmon and Palumbo declared that: 

1. The calibration of a steady state model “is, in general, not nearly so rigorous 
as the time-varying calibration done in transient modeling” because “time-varying 
inputs are simply averaged,” so “generally there is less reliability with the result;” 

2. A steady state model “is not able to simulate [the] dynamic [hydrologic] 
system” in Southwestern deserts, where “streamflow, precipitation, long-term climate 
variation, and water level changes” are dynamic; and 

3. A steady state model “ha[s] no provision for simulating the changes in 
ground water storage” resulting “from changes in ground water level and artesian 
head.”223 

The resolution of this issue turns not only on the evidence but also on Gila IV’s holdings. In 

Gila IV, the Supreme Court affirmed the trial court’s ruling that: 

[A] well may be subject to the adjudication if its “‘cone of depression’ caused by its 
pumping has now extended to a point where it reaches an adjacent ‘subflow’ zone, 
and by continual pumping will cause a loss of such ‘subflow’ as to affect the quantity 
of the stream.” 

DWR may seek to establish that a well located outside the limits of the saturated 
floodplain alluvium is in fact pumping subflow and is therefore subject to the 
adjudication, by showing that the well’s cone of depression extends into the subflow 
zone and is depleting the stream.224 (Emphasis added.) 

                                                                 

221 Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 25-26 (June 17, 2002). 
222 Id. at 25. 
223 Eric J. Harmon and Mark R. Palumbo Rebuttal Decl. 22 (June 27, 2003). 
224 198 Ariz. at 343, 9 P.3d at 1082 (quoting Goodfarb Order 66). The ruling is based on the trial court’s 
seventh principle discussed in chapter 3, section B, of this report. 
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The Special Master interprets this holding and the pivotal underlined words to mean that a 

well will be subject to the adjudication if (1) ADWR determines the well’s cone of depression has 

already extended, and not that it may in the future extend, into the subflow zone, and (2) if the well, 

after its cone of depression has extended into the subflow zone, continues to be pumped, stream flow 

will be affected appreciably and directly. This ho lding does not support using a cone of depression 

test that projects the future impact of a cone of depression. The cone of depression test, under Gila 

IV, is to determine if a well’s cone of depression has “now” extended to the subflow zone and “is 

depleting the stream.” 

Considering the evidence only, the Special Master finds that it is insufficient to conclude that 

cone of depression simulations using a fixed period of five, ten, or twenty years projected into the 

future will yield more reliable results than either ADWR’s time of the modeling or any other set 

period of years. The Special Master further finds that if the future impact of a cone of depression is 

excluded as a consideration, the evidence is insufficient to conclude that a steady state model will 

yield more reliable results than ADWR’s proposed time of the modeling cone of depression test. The 

Special Master finds that ADWR’s recommendation to measure the impact of a well at the time of 

the modeling is scientifically valid. 

Although Gila IV and the evidence do not support rejecting ADWR’s recommendation, the 

impact of expanding cones of depression must be taken into account. The hydrologic reality that 

cones of depression can grow and substantially impact the subflow zone and aquifers cannot be 

overlooked. 

The Special Master recommends that ADWR be directed to complete additional cone of 

depression tests in a watershed at a time to be determined by the trial court or the Special Master that 

is appropriate to identify old or new wells that impact the subflow zone at that time. Because cone of 
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depression tests are labor intensive, the additional tests may exclude wells, even ones previously 

tested, under guidelines adopted by the trial court or the Special Master. 

Recommendation 28: The Court should adopt ADWR’s recommendation that the impact of 

a well be measured at the time of the modeling. 

Recommendation 29: The Court should direct ADWR to complete additional cone of 

depression tests in a watershed at a time to be determined by the trial court or the Special Master that 

is appropriate to identify old or new wells that impact the subflow zone at that time. The additional 

tests may exclude wells, even ones previously tested, pursuant to guidelines adopted by the trial court 

or the Special Master. 

E. Should ADWR recommend a methodology to evaluate the impact of wells 
perforated below an impervious formation within the limits of the subflow zone? 

The department does not recommend a methodology. The parties who briefed this issue do 

not believe ADWR needs to recommend a methodology, and no evidence was presented which could 

provide one. Mr. Page declared that a “method is needed,” and “[s]tudies by the USGS and others 

have shown that wells are likely to affect the flow of the river, but may not result in identifiable 

drawdown in the floodplain alluvium,” but hardly any evidence was presented on this issue.225 

The genesis of this issue is Gila IV’s holding that: 

All wells located in the lateral limits of the “subflow” zone are subject to the  
jurisdiction of this adjudication no matter how deep or where these perforations are 
located. However, if the well owners prove that perforations are below an impervious  
formation which preclude[s] “drawdown” from the floodplain alluvium, then that well 
will be treated as outside the “subflow” zone.226 

                                                                 

225 Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 26 (June 17, 2002). 
226 198 Ariz. at 338, 9 P.3d at 1077. This holding stemmed from the sixth of the seven principles the trial court 
deemed necessary to define the subflow zone. The principle was, “[w]ells which are located in but perforated 
below the saturated floodplain alluvium aquifer are to be included in the ‘subflow’ component unless these 
perforations are proven by their owners to be below a confining zone of impermeable material such as clay as 
the inevitable ‘draw-down’ of the well must affect the ‘subflow zone’ above the perforation.” Goodfarb Order 
36. The six principles are discussed in chapter 2, section D, and in chapter 3, section B, of this report. 
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Because Gila IV makes it clear that the well owner has the burden of proving that a well 

though punched in the subflow zone is not withdrawing water from the saturated floodplain 

Holocene alluvium but from an aquifer below an impervious formation, the well owner should 

formulate and present a methodology.  The fact the well owner has this burden of proof does not 

mean that the trial court or the Special Master cannot ask ADWR to provide them technical 

assistance concerning the merits of a particular methodology. 

Recommendation 30: The Court should not direct ADWR to recommend a methodology to 

evaluate the impact of wells perforated below an impervious formation within the subflow zone. 

F. In addition to analyzing a well’s drawdown at the subflow zone, should ADWR 
report the cumulative effect of wells or of groups of wells? 

This question was briefed prior to the hearing. A ruling was issued on September 8, 2003, 

subject to modification after considering the evidence presented during the hearing. The proposed 

ruling is adopted in part and modified in part. 

The Special Master determined that a well’s drawdown at the subflow zone shall be analyzed 

individually for each well but deferred ruling on whether ADWR should report the cumulative effect 

of wells or of groups of wells until after considering the evidence presented at the hearing. 

In Gila IV, the Supreme Court stated that the trial court “recognized that each well must be 

separately evaluated ‘to compute drawdown at the “subflow” zone’... We agree with the trial 

court.”227 The trial court had considered the testimony of Mr. Ford and Dr. Montgomery, who had 

“agreed that individual analysis of wells is the most appropriate method to compute drawdown at the 

‘subflow’ zone.”228 Therefore, under Gila IV a well’s impact on the subflow zone must be 

individually evaluated for each well, and this portion of the proposed ruling is not modified. 

                                                                 

227 198 Ariz. at 343, 9 P.3d at 1082. 
228 Goodfarb Order 62. 



 

W1-103/FinalRep/July16, 2004 87 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

The challenging inquiry is whether ADWR should go further after analyzing each well and 

report the  cumulative effect of wells or of groups of wells. Gila IV is silent on this issue. Dr. Mock’s 

declaration highlights the concern some parties emphasize : “The potential exists for hundreds of 

wells to individually pass ADWR’s proposed cone of depression test at the current time and yet the 

group of wells could collectively have significant impacts on river flows at a later time.”229 Mr. Page 

declared that “[w]hile individual wells may not have an instantaneous and measurable effect on 

stream flow, they can have a significant impact over time, particularly when combined with the 

effects of hundreds of other wells.”230 

Implicit in an answer to the question are the expectations that ADWR will be able to obtain 

reliable information about cumulative effect, if any, and that it will be able to do so with a test that 

“is realistically adaptable to the field and…is  the least expensive and delay-causing, yet provides a 

high degree of reliability….”231 The realities of these expectations are not clearer today than they 

were prior to the hearing. 

The Subflow Report does not contain scientific or technical information to form the basis of a 

methodology to evaluate cumulative effect, as the report does not directly address this issue, and the 

evidence is insufficient to formulate criteria to analyze cumulative effect. The desire of some parties 

that ADWR report cumulative effect is well-stated, but how ADWR should undertake the analysis 

that “provides a high degree of reliability” is not clear. 

                                                                 

229 Peter A. Mock Decl. 4 (June 17, 2002); see also T. Allen J. Gookin Decl. sec. 3, 1-2 (June 17, 2002). After 
describing the testimony about wells located outside the subflow zone whose cones of depression “could 
severely affect the volume of stream flow and the ‘subflow’ which supported it,” the trial court noted that 
“[o]ften those wells had extensive and interconnecting ‘cones of depression.’” Goodfarb Order 60. Tucson 
commented that the “collective impact of many de minimis users” concentrated in areas with an unusually  
narrow and very shallow subflow zone “could have an appreciable effect on a subflow zone” and 
appropriative water right holders. Response to ADWR’s Subflow Report 5 (June 17, 2002). 
230 Oliver S. Page Rebuttal Decl. 11 (June 27, 2003). 
231 198 Ariz. at 343, 9 P.3d at 1082 (quoting Goodfarb Order 62). 
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In this discussion, other important considerations must be weighed. The complexity of cone 

of depression analysis involving “numerous assumptions and considerable judgment,”232 the number 

of wells that may require individual analysis,233 and the time-sensitivity of cone of depression tests 

dictate that the task not be overly complicated. ADWR estimates that within the San Pedro River 

Watershed “several hundred cone of depression tests would have to be performed,” and “it takes one 

person working full time to make about 50 to 60 model runs using THWELLS in one year.”234 The 

cone of depression tests should be completed within a practical period of time and must yield results 

with a high degree of reliability. Undertaking a comprehensive analysis of cumulative effect, in 

addition to individual effects, could impracticably expand the technical investigations and thwart 

their success. 

In its closing brief, the United States indicated the USGS expects to finish in 2005 a study of 

the hydrology of the Sierra Vista Subwatershed that “once completed,” ADWR could use “to 

examine the effects of pumping from individual wells and the cumulative effects of pumping from 

groups of wells (footnote omitted).”235 (Underlining in original.) The United States submits that the 

study “may provide the answer to the Special Master’s remaining question” about ADWR reporting 

cumulative effect.236 

At the oral argument, the idea of ADWR doing certain analyses of cumulative effect and 

reporting its findings was discussed. The purpose would be to collect data regarding cumulative 

                                                                 

232 Subflow Report 21-22. 
233 According to Mr. Page, using 2001 data, there are 5,370 de minimis domestic wells (out of 5,413 wells) and 
1,066 de minimis stockwatering wells (out of 1,076 wells). In the Final San Pedro River Watershed HSR, 
ADWR, using 1990 data, reported 2,990 de minimis domestic wells and 72 de minimis other uses wells. The 
number of wells has increased significantly since 1990. Oliver S. Page, Peter M. Pyle, and Jean M. Moran 
Decl. 30, 32 (June 17, 2002). 
234 Subflow Report 22, 43. 
235 U.S. Memo. on Issues Related to ADWR’s Subflow Technical Report 5-6 (Mar. 3, 2004). 
236 Id. at 6. 
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effect so that the court’s and the parties’ understanding would be increased. Whether the findings 

will be, or should be, used to adjudicate any water uses is not addressed in this report. If ADWR is 

going to do cone of depression analyses, doing a cumulative effect analysis on selected groups of 

wells and obtaining observational and scientific information would be useful. 

The Special Master recommends that ADWR select more than one group of wells, analyze 

their cumulative effect using the most accurate and reliable analytical or numerical models, and 

report the findings regarding cumulative effect, if any. The wells may be owned or used by one or 

several claimants, and the cone of depression analysis should provide information and data about 

cumulative effect. ADWR should research the scientific literature, review studies such as those the 

USGS expects to complete for the Sierra Vista Subwatershed, and build a body of knowledge. 

Recommendation 31: The Court should direct ADWR to analyze a well’s drawdown at the 

subflow zone individually for each well. 

Recommendation 32: The Court should not direct ADWR to report the cumulative effect of 

wells or of groups of wells except as suggested in the next recommendation. 

Recommendation 33: The Court should direct ADWR to select more than one group of 

wells, analyze their cumulative effect using the most accurate and reliable analytical or numerical 

models, and report the findings. The wells may be owned or used by one or several claimants, and 

the cone of depression analysis should provide information and data about cumulative effect. The 

purpose of these analyses is to build a body of knowledge about the cumulative effect of wells, 

including methodologies and findings. Whether the findings  will be, or should be, used to adjudicate 

water uses is not determined in this report. 

Recommendation 34: The Court should adopt Chapter 3 of the Subflow Report to the extent 

it does not conflict with any other recommendation made in this report. 
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IV. DE MINIMIS USES (Chapter 4 of the Subflow Report) 

The trial court directed ADWR to submit a “set of rational guidelines for determining 

whether a given well, though pumping subflow, has a de minimis effect on the river system.”237 

Little posthearing briefing was submitted regarding guidelines for de minimis water uses in the San 

Pedro River Watershed, the reason most likely being that after ADWR filed the Subflow Report, the 

trial court ruled on this issue with respect to instream stockwatering, stockponds of a certain size and 

beneficial use, and household domestic water uses. 

In the Subflow Report, ADWR summarizes the proceedings Special Master John E. Thorson 

held from 1993 to 1995 addressing de minimis stockwatering, stockponds, and domestic water uses 

within the San Pedro River Watershed.238 Special Master Thorson determined that instream 

stockwatering and stockponds and domestic uses meeting certain criteria should be considered de 

minimis water uses. The Subflow Report focuses on the determinations regarding de minimis 

domestic water uses because Special Master Thorson found that 97% of domestic uses in the San 

Pedro River Watershed were supplied from wells.239 

ADWR believes that the “special master’s proposed definition of de minimis domestic uses 

with a uniform quantification…is an acceptable definition,” but disagrees with “the special master’s 

determination that these de minimis uses should be summarily adjudicated with water rights 

characteristics.”240 ADWR recommends that de minimis domestic water uses “should be excluded 

                                                                 

237 Ballinger Order 2. 
238 The contested case was In re Sands Group of Cases (W1-11-19) and Other Related Cases (Consolidated). 
Special Master Thorson issued a Memorandum Decision, Findings of Fact, and Conclusions of Law for Group 
1 Cases Involving Stockwatering, Stockponds, and Domestic Uses (Nov. 14, 1994) (“Memorandum 
Decision”), and a Modifying Memorandum Decision (Feb. 23, 1995). 
239 Memo. Decision 19 (Finding of Fact No. 22). 
240 Subflow Report 38. 
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from the adjudication and catalogued in the decrees.”241 Domestic wells determined to be de minimis 

would be listed in a catalog with basic descriptive information, 242 and “[a]s long as these catalogued 

domestic uses continued to satisfy the definition of a de minimis use adopted by the trial court, these 

uses would not be subject to post-decree administration or enforcement.”243 De minimis “uses would 

not receive a decreed water right.”244 

On September 26, 2002, nearly six months after ADWR filed the Subflow Report, the trial 

court adopted in part, rejected in part, and modified in part Special Master Thorson’s memorandum 

decisions on de minimis stockwatering, stockponds, and domestic water uses in the San Pedro River 

Watershed. The trial court adopted the special master’s definition of a de minimis domestic water use 

and the quantity to be adjudicated for the right. Special Master Thorson defined de minimis domestic 

water uses as “[i]ndividual domestic uses for single residences, when serving household purposes 

and associated outdoor activities on adjoining land not exceeding (=) 0.2 acres,” and determined that 

“[t]he quantity of ‘not to exceed 1 ac-ft/yr’ of water will be adjudicated for” those rights.245 

The trial court also adopted Special Master Thorson’s definitions and quantifications for 

instream stockwatering and stockponds having a capacity of not more than 15 acre-feet used solely 

for stock or wildlife. The trial court directed ADWR to prepare future HSRs in accordance with the 

determinations adopted in the September 26, 2002, order. 

                                                                 

241 Id. at 40. 
242 “The de minimis category would list the name of the present well owner, the well location to the nearest ¼ 
¼ ¼ section, the type of use (domestic de minimis), the place of use, and the quantity of use.” Id. The 
proposed catalog appears to be similar to Volume 8: Catalogued Wells of the Final San Pedro River 
Watershed HSR. Volume 8, however, reported for each listed well, if available, a “claimed date of first 
beneficial water use” and the “data source” of the reported information. Vol. 8, 6. Bella Vista agrees with 
ADWR but recommends that every well be catalogued using only the information required by A.R.S. § 45-
596 to be set forth in a notice of intention to drill well. Comments on ADWR’s Subflow Report 9 (June 17, 
2002). The statute enumerates more information than ADWR recommends reporting in its proposed catalog. 
243 Subflow Report 40. 
244 Id. at 44. 
245 Memo. Decision 33 (Conclusions of Law No. 24 and No. 25). 



 

W1-103/FinalRep/July16, 2004 92 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

ADWR recommends that de minimis water uses be catalogued and not be summarily 

adjudicated with water right attributes. It points to the holdings in Gila II that “the trial court may 

adopt a rationally based exclusion for wells having a de minimis effect on the river system,”246 and in 

Gila IV that wells though pumping subflow which “have a de minimis effect on the river system may 

be excluded from the adjudication based on rational guidelines for such an exclusion….”247 In Gila 

II, the Supreme Court held that “[a] properly crafted de minimis exclusion will not cause piecemeal 

adjudication of water rights or in any other way run afoul of the McCarran Amendment…it could 

simplify and accelerate the adjudication by reducing the work involved in preparing the hydrographic 

survey reports and by reducing the number of contested cases before the special master.”248 ADWR 

submits that a catalog listing de minimis water rights is consistent with Gila II and Gila IV because 

exclusion does not include summary adjudication. 

Special Master Thorson had the benefit of Gila II when he began (one month after Gila II 

was issued) the consolidated case that resulted in his memorandum decisions. In Gila II, the Supreme 

Court held that “a de minimis exclusion effectively allocates to those well owners whatever amount 

of water is determined to be de minimis. It is, in effect, a summary adjudication of their rights.”249 

(Emphasis added.) Special Master Thorson adopted procedures for the “summary adjudication” of de 

minimis uses. The procedures provided for the preparation of water right abstracts showing the 

characteristics or attributes of de minimis uses; incorporation of the abstracts into the special master’s 

catalog of proposed water rights for the watershed; allowing claimants to file objections to the 

abstracts but precluding resolution of objections concerning quantity of water; and incorporation of 

                                                                 

246 175 Ariz. at 394, 857 P.2d at 1248. 
247 198 Ariz. at 344, 9 P.3d at 1083. 
248 175 Ariz. at 394, 857 P.2d at 1248. 
249 Id. 
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all de minimis water rights in the final decree which would subject the rights to post-decree 

administration and enforcement against other water uses.250 

Special Master Thorson concluded that these “summary procedures for de minimis uses 

accomplish the statutory purposes of the general stream adjudication to ‘[d]etermine the extent and 

priority date of and adjudicate any interest in or right to use the water of the river system and source 

.… ARIZ. REV. STAT. ANN. § 45-257(B)(1).”251 He defined the term “summary adjudication” to 

mean “those procedures used by the court to adjudicate de minimis water uses in a simplified and 

expedited manner while safeguarding the statutory and due process rights of the litigants 

involved.”252 

In its September 26, 2002, order the trial court specifically adopted Special Master Thorson’s 

definition of “summary adjudication” and ruled that “summary adjudication is appropriate to 

determine the attributes and characteristics of water uses that do not individually affect the water 

supply available to other claimants.”253 The trial court has answered the issue ADWR’s 

recommendation raises. De minimis water uses within the San Pedro River Watershed will be 

summarily adjudicated with water right attributes and will receive a decreed water right. 

A group of parties urges that ADWR be directed to propose guidelines for excluding 

agricultural, municipal, industrial, and other wells, not just domestic wells, which may have a de 

minimis effect on the river system.254 This issue will best be considered at such time as ADWR and 

the parties have more new or updated data. 

 

                                                                 

250 Memo. Decision 34-8 (What Summary Adjudication Procedures Are Appropriate?). 
251 Id. at 37; see A.R.S. § 45-252(A). 
252 Id. at 5. 
253 Order n.2, 2. 
254 Upper Valley Irrigation Districts’ Objection to ADWR’s Subflow Report 11 (June 17, 2002). 
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Other Watersheds 

The argument has been made that the definitions of de minimis water uses “should be based 

on watershed specific tests to reflect the unique characteristics of each watershed….”255 Special 

Master Thorson held a hearing to receive evidence specific to the San Pedro River Watershed 

regarding water availability in the watershed and to downstream users; the number of stockwatering, 

stockpond, and domestic uses; the number and impact of these uses; and the costs and benefits of 

adjudicating these water uses.256 That matter integrated into the adjudication a practical concept of de 

minimis water uses and established procedures to define and adjudicate them. It is realistic to believe 

that a similar evidentiary hearing will be required in the other watersheds. The time to take up those 

issues is after the watershed HSR is filed. Some of the ground Special Master Thorson covered will 

not be revisited, but it is reasonable to believe that a watershed specific hearing will be necessary. 

Recommendation 35: The Court should adopt Chapter 4 of the Subflow Report except the 

recommendation that de minimis uses not be summarily adjudicated with water right attributes, and 

to the extent Chapter 4 does not conflict with any other recommendation made in this report. 

V. IMPLEMENTATION OF PROCEDURES (Chapter 5 of the Subflow Report) 

A. Should ADWR’s findings be reported in supplemental contested case 
hydrographic survey reports (HSRs) (“case-by-case”) or in a supplemental San Pedro River 
Watershed HSR (“the entire watershed”), which identifies the subflow zone, wells reaching and 
depleting a stream, and de minimis water rights? 

This was the fourth question briefed prior to the hearing, and a ruling was issued on 

September 8, 2003, subject to modification after considering the evidence presented during the 

hearing. The proposed ruling is adopted as the evidence is insufficient to modify it. 

                                                                 

255 Philip C. Briggs Decl. ¶ 9 (June 17, 2002). Claimants in the Verde River Watershed raised this issue. 
256 Order 3 (Sept. 26, 2002). 
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The trial court directed ADWR to include “[a] timeline for completion of the tasks outlined in 

the report” and to submit “[a] similar timeline for the Upper Gila River and Verde River 

watersheds….”257 In the proposed ruling, the Special Master found that the term timeline connotes a 

reporting schedule and with the desire to move the adjudication forward, set a schedule for ADWR to 

file a technical report containing a map of the lateral extent of the subflow zone within the entire San 

Pedro River Watershed; investigate and supplement, as needed, the Final San Pedro River Watershed 

HSR; and publish a supplemental final HSR. Claimants would have one hundred and twenty days to 

file objections to ADWR’s report showing the map of the subflow zone, and one hundred and eighty 

days to file objections to the supplemental final HSR. 

Some parties argue that under A.R.S. § 45-256(B) the technical assistance provided by 

ADWR must be set forth in a report filed with the  trial court or the Special Master, and a claimant 

may file an objection to the report or any part of it within one hundred and eighty days of the date on 

which the report is filed. A.R.S. § 45-256(B) states in pertinent part: 

The technical assistance rendered by the director shall be set forth in summary form 
on a claim by claim basis in a report prepared by the director and filed with the court 
or the master…. The report shall list all information that is obtained by the director 
and that reasonably relates to the water right claim or use investigated. The report 
shall also include the director's proposed water right attributes for each individual 
water right claim or use investigated…. If no water right is proposed in connection 
with an individual water right claim or use, the director's recommendations shall so 
indicate…. An objection shall specifically address the director's recommendations 
regarding the particular water right claim or use investigated. (Emphasis added.) 

The Special Master interprets A.R.S. § 45-256(B) to mean that the 180-day objection period 

applies to a report that contains the information ADWR has compiled during its investigations and 

sets forth the department’s proposed attributes for each water right claim or use investigated. The 

180-day period applies to a watershed or a supplemental contested case HSR that reports on 

                                                                 

257 Ballinger Order 3. 
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individual water right  claims. The technical report to which all claimants in the San Pedro River 

Watershed will have one hundred and twenty days to file objections will not contain ADWR’s 

proposed water right attributes for any claim or use. The report will contain ADWR’s map of the 

subflow zone and related analysis. A report that covers a discrete, albeit important, technical issue is 

not subject to the time periods prescribed by A.R.S. § 45-256(B). 

One party does not disagree with the Special Master’s proposed schedule, but requests that it 

be recommended that in other watersheds ADWR divide a stream into manageable segments and 

publish a supplemental HSR that contains the subflow analysis for each stream segment. The 

“segment-by-segment” approach, is suggested, would be fair, efficient, and speedy. 

A great amount of experience will be gained from going through the process of delineating 

the subflow zone in the San Pedro River Watershed. The segment-by-segment approach may have 

merit in other watersheds, but a decision in that respect should await the experience gained by going 

through the process in the San Pedro River Watershed. Although a recommendation regarding this 

approach is not made in this report, the parties may make suggestions when ADWR begins, or is in a 

position that it can undertake concurrently, the subflow analysis in another watershed. 

ADWR recommends that for each watershed the subflow zone be identified first, followed by 

the identification of de minimis water uses, and concluding with the cone of depression tests. The 

second and third phases “should only be implemented when the watershed is ready to be 

litigated….”258 This implementation sequence is reasonable. 

ADWR does not propose a sequential watershed schedule, but based on the trial court’s 

February 21, 2003, order and Pre-Trial Order No. 1 Re: Conduct of Adjudication ¶ 12(B)(4) (May 

29, 1986), the Special Master recommends the following sequence for completing the subflow and 

                                                                 

258 Subflow Report 45. 
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cone of depression analysis in each watershed: San Pedro River; Verde River; Upper Gila River; 

Upper Salt River; Upper Agua Fria River; Lower Gila River; and Upper Santa Cruz River. 

Recommendation 36: The Court should implement the fo llowing schedule in the San Pedro 

River Watershed: 

A. After the Court considers the Special Master’s report recommending the procedures and 

processes to delineate the subflow zone within the San Pedro River Watershed and a cone of 

depression test, ADWR is directed to prepare a map delineating the subflow zone for the entire San 

Pedro River Watershed. ADWR shall submit this map and related information in a technical report 

whose scope shall be limited to delineating the subflow zone and shall not set forth ADWR’s 

proposed water right attributes for any individual water right claim or use. 

B. Upon filing the technical report with the Court, ADWR shall send a notice to all claimants 

in the San Pedro River Watershed and to the persons listed in the Gila River Adjudication Court-

Approved Mailing List informing them of the scope and availability of the report and of a claimant’s 

right to file written objections to the report and of the deadline for filing objections. 

C. Any claimant in the San Pedro River Watershed may file objections to ADWR’s technical 

report within one hundred and twenty days of the date on which the report is filed. Objections shall 

be limited to ADWR’s findings regarding the lateral extent of the subflow zone. 

D. After considering the objections, the Court will approve a map that delineates the subflow 

zone within the San Pedro River Watershed. 

E. Using the cone of depression test adopted by the Court, ADWR will analyze all wells 

located outside the lateral limits of the subflow zone to determine if a well’s cone  of depression 

reaches an adjacent subflow zone, and if continuing pumping will cause a loss of such subflow as to 

affect the quantity of the stream. ADWR will examine all water right claims to determine de minimis 
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water rights in the San Pedro River Watershed in accordance with the Court’s September 26, 2002, 

order. ADWR will investigate and supplement, as needed, its findings reported in the Final San 

Pedro River Watershed HSR. 

F. ADWR will publish a Supplemental Final San Pedro River Watershed HSR reporting its 

findings  and proposed water right attributes on a claim by claim basis, in accordance with A.R.S. § 

45-256(B), including wells withdrawing subflow, cone of depression analyses, de minimis water 

rights, and all other new or updated information. 

G. ADWR shall send a notice of the filing of the Supplemental Final San Pedro River 

Watershed HSR to all claimants in the Gila River Adjudication, who may file objections within one 

hundred and eighty days of the date on which the report was filed. 

Recommendation 37: The Court should adopt the same schedule for completing the subflow 

and cone of depression analysis in all the other watersheds in the Gila River Adjudication subject to 

modifications that may be proper as a result of experience with this process. 

Recommendation 38: The Court should adopt the following sequence for completing the 

subflow and cone of depression analysis in each watershed: San Pedro River; Verde River; Upper 

Gila River; Upper Salt River; Upper Agua Fria River; Lower Gila River; and Upper Santa Cruz 

River. 

Recommendation 39: The Court should adopt Chapter 5 of the Subflow Report to the extent 

it does not conflict with any other recommendation made in this report. 

VI. AVAILABILITY OF REPORT 

This report will be filed with the Clerk of the Maricopa County Superior Court, and a copy 

will be mailed to all persons listed on the Gila River Adjudication Court-Approved Mailing List and 

on those additional persons appearing in the certificate of service. An electronic copy will be posted 
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at http://www.supreme.state.az.us/wm/ on the Gila River Adjudication page. A transcript of the 

October 21-22, 2003, hearing and of the evidence and the original exhibits are at the Clerk’s office. 

A printed copy of this report can be purchased from the office of the Special Master for $8.00 

payable by check or money order. 

VII. MOTION FOR ADOPTION OF SPECIAL MASTER’S REPORT 

The Special Master recommends adoption of the recommendations made in this report and 

moves the Court, under Arizona Rule of Civil Procedure 53(h), to adopt each recommendation. A 

proposed order of adoption will be lodged as the Court may order upon consideration of the report. 

VIII. NOTICE OF SUBSEQUENT PROCEEDINGS 

Any claimant in the Gila River Adjudication may file a written objection to this report on or 

before September 1, 2004.259 Responses to objections must be filed on or before October 1, 2004. 

Replies must be filed on or before October 29, 2004. Each objection should identify the related 

recommendation. Objections, responses, and replies must be filed with the Clerk of the Maricopa 

County Superior Court, Attn: Water Case, 601 West Jackson Street, Phoenix, Arizona 85003. Copies 

of pleadings must be served personally or by mail on all persons appearing on the most recent Gila 

River Adjudication Court-Approved Mailing List and on those additional persons named in the 

certificate of service. The hearing on the Special Master’s motion to approve the report and on any 

objections to the report will be taken up as ordered by the Court. The “court after hearing may adopt 

                                                                 

259 The periods for filing objections to the report, responses, and replies are calculated under Ariz. R. Civ. P. 
53(h). As this report does not contain determinations of the relative water rights of any claimant, the time 
periods prescribed by A.R.S. § 45-257(A)(2) do not apply. The period for filing objections includes the ten-
day period provided by Rule 53(h), not including intermediate Saturdays, Sundays, and legal holidays as 
specified by Ariz. R. Civ. P. 6(a). The ten-day period for filing responses and the five-day period for filing 
replies are specified in Ariz. R. Civ. P. 7.1(a). An additional five-day period when service has been made by 
mail is specif ied in Ariz. R. Civ. P. Rule 6(e). In order to allow time for the distribution of the monthly docket 
sheet to subscribers and reasonable time for all filings, the Special Master has added thirty days for objections 
and fifteen days for responses and replies. 
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the report or modify it or may reject it in whole or in part or may receive further evidence or may 

recommit it with instructions.”260 

Submitted this 16th day of July, 2004. 

 

       /s/ George A. Schade, Jr.    
       GEORGE A. SCHADE, JR. 
       Special Master 
 

The original report was filed with the Clerk of the 
Maricopa County Superior Court on July 16, 2004, 
and was delivered to the Distribution Center for 
mailing to the persons listed on the Gila River 
Adjudication Court-Approved Mailing List dated 
October 6, 2003 (Attachment A) and to the 
following persons: 
 
City of Benson 
Jennele Morris O’Hair, P.C. 
P. O. Box 568 
Vail AZ 85641-0568 
 
Long Meadow Ranch Property Owners Association 
George E. Price, President 
12110 N. Antelope Run 
Prescott AZ 86305 
 
Valory Strausser 
Lee A. Storey and Steve Wene 
Moyes Storey, Ltd. 
1850 N. Central Ave., Suite 1100 
Phoenix AZ 85004 
 
Yavapai County Attorney’s Office 
M. Randolph Schurr 
255 East Gurley St., 3rd Floor 
Prescott AZ 86301 
 
/s/ KDolge      
Kathy Dolge 

                                                                 

260 Ariz. R. Civ. P. 53(h). 
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  FILED: September 28, 2005 
  
In Re the General Adjudication   
of All Rights to Use Water in  
The Gila River System and Source  
  
In Re Subflow Technical Report,   
San Pedro River Watershed  
   
  
  
 
Order Re: Report of the Special Master on the Arizona Department 
of Water Resources’ Subflow Technical Report, San Pedro River 

Watershed and Motion for Approval of Report 
 
 

Procedural Background 

In 2001, this Court requested that the Arizona Department 

of Water Resources (“ADWR” or the “Department”) file a report 

describing how it proposed to determine the extent of stream 

subflow for purposes of setting the jurisdictional limits of 

this adjudication. On January 8, 2002, a hearing was held to 

consider ADWR’s “Report Concerning Implementation of the Arizona 

Supreme Court’s Decision on Subflow.” On January 22, 2002, the 

Court directed the Department to prepare more specific and 

detailed recommendations addressing the following issues arising 

in the San Pedro River Watershed: 

1. A proposal for determining the subflow zone including 
more than just consideration of the saturated lateral 
extent of the Holocene alluvium. 
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2. A test for determining if a well’s cone of depression is 
withdrawing appropriable subflow. 

3.  A set of rational guidelines for determining whether a 
given well, though pumping subflow, has a de minimis 
effect on the river system. 

4. A method for including both perennial and intermittent 
streams as part of the subflow analysis, including 
streams that were historically perennial or intermittent, 
but are now ephemeral due to development and other human 
actions. 

5. A timeline for completing the tasks outlined in its 
report.1 

ADWR’s second subflow report was filed on March 29, 2002 

(the “Subflow Report”). It specifically addressed each of the 

requests identified in the January 22, 2002, order. Various 

parties filed comments and objections to the report, some of 

which were supported by expert declarations. The Court referred 

consideration of Subflow Report issues to the Special Master 

with direction to consider the comments and objections, hold any 

necessary hearings, and make recommendations as to whether the 

report should be adopted or modified.2 

After supervising discovery among the parties, considering 

expert declarations, and resolving a number of pre-hearing 

issues, the Special Master held a two-day evidentiary hearing at 

which the parties and their experts presented their positions on 

                     
1 Minute Entry (“M. E.”) (Jan. 22, 2002). 
2 Order (Feb. 21, 2003). 
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the procedures proposed in the Subflow Report. Following post-

hearing briefing and supplemental oral argument, the Special 

Master filed his “Report of the Special Master on the Arizona 

Department of Water Resources’ Subflow Technical Report, San 

Pedro River Watershed; Motion for Approval of Report; and Notice 

of Subsequent Proceedings” (the “Special Master’s Report”), 

which thoroughly evaluated the Subflow Report, summarized the 

parties’ positions, and set forth the Special Master’s 

recommendations. The Court received additional comments and 

objections to the report and held a hearing on July 13, 2005, to 

consider whether it should adopt the Special Master’s 

recommendations and approve or modify the Subflow Report. 
The Subflow Zone 

This adjudication is charged with determining the rights of 

all persons to use the waters of the Gila River system and its 

sources pursuant to A.R.S. § 45-251 et seq. This task is 

complicated by Arizona’s bifurcated system of water rights 

management. While all surface water is subject to this Court’s 

jurisdiction, for decades Arizona courts have protected the 

rights of groundwater users by holding that surface water 

appropriation cannot extend to percolating subterranean water. 
Maricopa County Mun. Water Conservation Dist. No. 1 v. Southwest 
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Cotton Co., 39 Ariz. 65, 4 P.2d 369 (1931), modified and reh’g. 

denied, 39 Ariz. 367, 7 P.2d 254 (1932) (“Southwest Cotton”).3 

If setting jurisdictional limits were as simple as 

declaring that surface water is appropriable while water found 

underground is not, the adjudication would be much nearer to 

completing it initial tasks of identifying and prioritizing 

appropriable water rights. But, although underground water is 

generally not part of this adjudication, it becomes appropriable 

if it can be characterized as subflow of a stream. Our Supreme 

Court has declared that subflow consists of “those waters which 

slowly find their way through the sand and gravel constituting 

the bed of the stream, or the lands under or immediately 

adjacent to the stream, and are themselves a part of the surface 

stream.”4 
As to how water is to be characterized as subflow, in Gila 

II the Arizona Supreme Court quoted with approval the test first 

announced in Southwest Cotton: 

The best test which can be applied to determine 
whether underground waters are as a matter of fact and 

                     
3 In lieu of appropriative rights, groundwater users are permitted to withdraw water underlying their land 
subject only to the doctrine of reasonable use and federal reserved water rights. In re the General 
Adjudication of All Rights to Use Water in the Gila River System and Source, 175 Ariz. 382, 857 P.2d 1236 
(1993) (“Gila II”); In re the General Adjudication of All Rights to Use Water in the Gila River System and 
Source, 195 Ariz. 411, 989 P.2d. 739 (1999) (“Gila III”). 
4 Southwest Cotton, 39 Ariz. at 96, 4 P.2d at 380. The Southwest Cotton court explained that subflow 
“[i]n almost all cases … is found within, or immediately adjacent to, the bed of the surface stream…. 
[and] physically … constitute[s] a part of the subsurface stream itself, and [is] simply incidental thereto…. 
It is subject to the same rules of appropriation as the surface stream itself”.” Gila II, 175 Ariz. at 387, 857 
P.2d at 1241 (quoting Southwest Cotton, 39 Ariz. at 96-97, 4 P.2d at 380-81). 
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law part of the surface stream is that there cannot be 
any abstraction of the water of the underflow without 
abstracting a corresponding amount from the surface 
stream, for the reason that the water from the surface 
stream must necessarily fill the loose, porous 
material of its bed to the point of complete 
saturation before there can be any surface flow. 
(Emphasis in Gila II.) 

. . . . 
     
Not only does [subflow] move along the course of 

the river, but it percolates from its banks from side 
to side, and the more abundant the surface water the 
further will it reach in its percolations on each 
side. But, considered as strictly a part of the 
stream, the test is always the same: Does drawing off 
the subsurface water tend to diminish appreciably and 
directly the flow of the surface stream? If it does, 
it is subflow, and subject to the same rules of 
appropriation as the surface stream itself; if it does 
not, then, although it may originally come from the 
waters of such stream, it is not, strictly speaking, a 
part thereof, but is subject to the rules applying to 
percolating waters.5 (Emphasis in Southwest Cotton.) 

In 1987, the judge then assigned to this adjudication, the 

Honorable Stanley Z. Goodfarb (Retired), issued his first ruling 

as to which underground waters were to be considered 

appropriable subflow. The trial judge attempted to craft a 

practical subflow definition. He held extensive evidentiary 

hearings that included testimony from hydrologists and 

                     
5 Gila II, 175 Ariz. at 388, 857 P.2d at 1242 (quoting Southwest Cotton, 39 Ariz. at 96-97, 4 P.2d. at 380-
81). 



SUPERIOR COURT OF ARIZONA 
MARICOPA COUNTY 

 
09/15/2005  CLERK OF THE COURT 
  FORM V000 
   
HONORABLE EDDWARD BALLINGER, JR.  M. Wetherell 
  Deputy 
   
W-1, W-2, W-3, W-4(Consolidated) 
Contested Case No. W1-103 

  

 

Docket Code 000 Page 6 
 
 

hydrological engineers. He solicited memoranda of law from 

interested parties and utilized the services of the Department 

to arrive at a definition he believed would permit the 

adjudication to move forward. Because a number of parties 

objected to Judge Goodfarb’s subflow determination, the Supreme 

Court accepted an interlocutory appeal of his order due to “the 

need to resolve the [subflow] question early in the proceeding.”6 

The Arizona Supreme Court rejected Judge Goodfarb’s initial 

subflow definition and remanded consideration of the issue. It 

also provided guidance as to how the trial court should 

undertake to revise its subflow definition by setting forth 

specific criteria to be used in making this determination: 

Whether a well is pumping subflow does not turn 
on whether it depletes a stream by some particular 
amount in a given period of time…. [I]t turns on 
whether the well is pumping water that is more closely 
associated with the stream than with the surrounding 
alluvium…. [C]omparison of such characteristics as 
elevation, gradient, and perhaps chemical makeup can 
be made. Flow direction can be an indicator. If the 
water flows in the same general direction as the 
stream, it is more likely related to the stream. On 
the other hand, if it flows toward or away from the 
stream, it likely is related to the surrounding 
alluvium.7 

                     
6 Id. at 386, 1244. 
 
7 Id. at 392, 1246. The specific factors listed in Gila II to determine whether water flows constitute 
subflow are referred hereinafter as the “Gila II Criteria”. 
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Upon remand, Judge Goodfarb proceeded to hold additional 

hearings. He, along with party representatives and experts, 

traveled within the San Pedro River Watershed to learn about the 

area’s hydrology and geology. After considering additional 

evidence relating to the relationship of groundwater to surface 

water, he issued a comprehensive order redefining “subflow.”8 

Objections followed, causing the Arizona Supreme Court to 
expedite consideration of “whether, after remand in Gila River 

II, the trial court properly determined what underground water 

constitutes ‘subflow’ of a surface stream, thus making it 

appropriable under A.R.S. § 45-141(A).”9 
In Gila IV, the Supreme Court approved Judge Goodfarb’s 

second iteration of a subflow description. Twelve years after 

the Supreme Court’s attempt “to resolve the question early,” the 

adjudication court finds itself conducting hearings and 

considering arguments directed to the question of what is a fair 

and practical definition of subflow that will permit the Court 

to define its jurisdictional limits and fairly protect the 

rights of both surface and groundwater users. 

The Subflow Report recommends adopting a number of 

procedures and assumptions in connection with mapping the 

subflow zone. Three questions related to these proposals have 

sparked the most controversy: 

                     
8 June 30, 1994, Order (the “Goodfarb Order”). 
9 Gila IV, 198 Ariz. at 333, 9 P.3d at 1072. 
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• Whether the Court should declare the entire saturated 
floodplain Holocene alluvium as comprising the limits of 
the subflow zone without further reference to the 
criteria announced in Gila II.10 

• Should the Court assume, for jurisdictional purposes, 
that the entire floodplain Holocene alluvium is 
saturated?11 

• Should the Court adopt the Special Master’s 
recommendation that ADWR’s subflow analysis be based upon 
predevelopment stream flow conditions? 

1. Extent of the Subflow Zone 

Those objecting to the first recommendation - that the 

Court find that the saturated floodplain Holocene alluvium is 

the subflow zone - argue that this proposal permits ADWR to 
ignore the Gila II Criteria approved by the Arizona Supreme 

Court.12 They rely primarily on two related arguments to support 
this objection. First, they point to specific language in Gila 

IV that purportedly requires continued application of the Gila 

II Criteria when mapping subflow limits. They also claim that 

                     
10 ADWR answered this question affirmatively: 

Upon remand from the Arizona Supreme Court, the trial court engaged in a lengthy 
hearing process, involving expert testimony on complex hydrogeologic principles, that 
culminated in a 66-page detailed order with 36 additional pages of exhibits. [citing Gila 
IV] The trial court applied the criteria described in Gila II and concluded that the 
saturated floodplain Holocene alluvium was the ‘most credible’ subflow zone…. 

Subflow Report at 2. 
11 ADWR urges adoption of this assumption. Id. at 17. (“The Department … recommends that the entire 
lateral extent of the floodplain Holocene alluvium be assumed to be saturated for the purpose of 
delineating the jurisdictional subflow zone.”). 
12 See, e.g., Arizona Public Service Company’s and Phelps Dodge Corporation’s Objections to the Special 
Master’s Report on ADWR’s Subflow Technical Report, San Pedro River Watershed (Oct. 1, 2004) 
(“APS/PD Objection”) at 7. 
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the Gila IV court did not intend to uphold a trial court ruling 

that the saturated floodplain Holocene alluvium constitutes the 

subflow zone. Instead, the Supreme Court simply held that this 

area comprised the outer limits within which the subflow zone 

exists. Within this announced area, ADWR is required to apply 
the Gila II Criteria to ascertain the subflow zone.13 These 

objectors believe that the Gila IV decision requires ADWR to 

begin anew and undertake an extensive review of data that might 

prove relevant in mapping the subflow zone within the San Pedro 

River Watershed.14 
As to the latter argument, the question is: In Gila IV, did 

the Arizona Supreme Court merely direct ADWR as to how and where 

to commence its inquiry regarding the extent of subflow within 

the San Pedro River Watershed? Or did the court adopt a standard 

permitting ADWR to map this Court’s jurisdictional limits in an 

expeditious manner? The Special Master found that “the criteria 
specified in Gila IV to delineate the subflow zone have already 

been taken into account in the Supreme Court’s holding that the 

                     
13 Id. at 8. (“The fact that the [Arizona Supreme Court] quoted and approved the [Gila II Subflow 
Criteria] does not … support a conclusion that ADWR need not apply the criteria when it delineates the 
subflow zone. To the contrary, the Court’s approval of the criteria makes them binding on ADWR. These 
criteria define the subflow zone, and they must be used by ADWR to identify its boundaries.”) (Emphasis 
in original.) 
14 Id. at 10. (“ADWR should be instructed to obtain accurate and reliable data for purposes of identifying 
the subflow zone in all circumstances.”) (Emphasis in original.) 



SUPERIOR COURT OF ARIZONA 
MARICOPA COUNTY 

 
09/15/2005  CLERK OF THE COURT 
  FORM V000 
   
HONORABLE EDDWARD BALLINGER, JR.  M. Wetherell 
  Deputy 
   
W-1, W-2, W-3, W-4(Consolidated) 
Contested Case No. W1-103 

  

 

Docket Code 000 Page 10 
 
 

saturated floodplain Holocene alluvium is the subflow zone.”15 

This Court agrees with this conclusion. 
The Gila IV opinion explicitly recognizes that the trial 

court considered and applied each of the Gila II Criteria in 

connection with defining how the concept of subflow should be 

used to set jurisdictional limits: 

[T]he record reflects that the court based its ruling 
on evaluation of the pertinent factors set forth in 
Gila River II for delineating the subflow zone. For 
example, the order states: 

After consideration of flow direction, water 
level elevation, the gradation of water 
levels over a stream reach, the chemical 
composition if available, and lack of 
hydraulic pressure from tributary aquifer 
and basin fill recharge which is 
perpendicular to stream and “subflow” 
direction, the Court finds the most accurate 
of all the markers is the edge of the 
saturated floodplain Holocene alluvium.16 

The Supreme Court noted that, “groundwater users conceded at 

oral argument, and the record reflects, that sufficient evidence 

supports the trial court’s factual findings, which adopted the 

saturated floodplain Holocene alluvium as the subflow zone.”17 

The objectors cannot overcome the opinion’s directive that 

                     
15 Special Master’s Report at 42. 
16 Gila IV, 198 Ariz. at 337, 9 P.3d at 1076. 
17 Id. at 339, 1078. The Court’s footnote reference (n.5) approving the factual finding that the saturated 
floodplain Holocene alluvium is the subflow zone shows that the trial court’s subflow zone definition 
incorporated the Gila II Criteria. 
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“[t]he entire saturated floodplain Holocene alluvium, as found 

by DWR, will define the subflow zone in any given area.”18 The 

opinion makes clear that ADWR is not to generally consider again 
the Gila II Criteria in an effort to undertake again the work 

that resulted in the trial court’s factual findings. To the 

contrary, the Supreme Court anticipated that mapping the 

jurisdictional limits of the subflow zone would be relatively 

simple: 

The record reflects that the saturated floodplain 
Holocene alluvium is readily identifiable; that DWR 
can quickly, accurately, and relatively inexpensively 
determine the edge of that zone; and that some of the 
work already has been done.19 
2. Assuming Floodplain Holocene Alluvium Saturation 

In mapping the subflow zone, ADWR proposes to assume that 

the entire extent of the floodplain Holocene alluvium is 

                     
18 Id. at 342, 1081. 
19 Id. The objectors claim their position is supported by the fact that in concluding that the subflow zone 
is comprised of the saturated floodplain Holocene alluvium, the Gila IV court also added that ADWR “will 
determine the specific parameters of that zone in a particular area by evaluating all of the applicable and 
measurable criteria set forth in the trial court’s order and any other relevant factors.” Gila IV, 198 Ariz. at 
344, 9 P.3d at 1083. But Gila IV dealt with an order delineating the limits of the subflow zone in the San 
Pedro River Watershed. The quoted language merely demonstrates the Supreme Court’s openness to 
ADWR considering data, in addition to that found by the trial court, when evaluating other watersheds. 
Id. at 342, 1081. (The entire saturated floodplain Holocene alluvium defines the subflow zone in the San 
Pedro River Watershed. As to other watersheds, “[i]n the effort to determine [the subflow zone] in other 
areas, the detailed criteria set forth in the trial court’s order, insofar as they apply and are measurable, 
must be considered, but we do not preclude the consideration of other criteria that are geologically and 
hydrologically appropriate for the particular location.”). As the Special Master’s Report recognizes, even 
within the San Pedro watershed there may be discrete stream segments where ADWR is required to 
supplement its findings based upon sound and appropriate geological and hydrological principles. Special 
Master’s Report at 42; see Gila IV, 198 Ariz. at 342, 9 P.3d at 1081, n.7. 
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saturated.20 The Department believes this assumption is required 

because the two factors determining the extent of saturation - 

the thickness of the floodplain Holocene alluvium and the depth 

to the water table beneath the floodplain - are highly variable, 

both spatially and temporally.21 Attempts to measure floodplain 

geology or the depth of the water table at any given point in 

time are frustrated due to the lack of reliable, contemporaneous 

data. The Subflow Report states: 

[A]n accurate determination of the saturated portion 
of the floodplain Holocene alluvium is impractical for 
three reasons: 

• Difficulties in defining the thickness of the 
floodplain Holocene alluvium; 

• The general lack of detailed and long-term water 
level data from the floodplain; and 

• The dynamic nature of the floodplain aquifer 
system. 

The Department, therefore, recommends that the entire 
lateral extent of the floodplain Holocene alluvium be 
assumed to be saturated for the purpose of delineating 
the jurisdictional subflow zone.22 
Some opposing adoption of the Department’s saturation 

assumption stress that: 

1. The floodplain Holocene alluvium is not stable. At 
numerous times, it is not fully saturated; and 

 
                     
20 Special Master’s Report at 52; Subflow Report at 13 & 17. 
21 Subflow Report at 13. 
22 Id. at 16-17. 
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2. The lack of data regarding the extent of saturation 
within the floodplain Holocene alluvium does not justify 
adopting an inaccurate assumption.23 

The Special Master agrees with the objectors and recommends 

that the Court not approve and adopt ADWR’s saturation 

assumption recommendation. He concluded that ADWR’s 
recommendation does not comport with the directive in Gila IV 

“that any test used for determining the boundaries of a subflow 

zone be as accurate and reliable as possible.”24 Accuracy is 
paramount because in Gila II, the Supreme Court held that if 

ADWR uses an appropriate test to delineate the subflow zone, its 

determination would constitute clear and convincing evidence 

that a well within the zone is pumping appropriable water.25 

Because saturation fluctuates within the floodplain Holocene 

alluvium, the Special Master found ADWR’s assumption 
inconsistent with Gila IV.26 He concluded that the question of 

whether a segment of the floodplain Holocene alluvium is 

saturated is only relevant on the date a well is tested: 

The evidence … shows saturation fluctuates even in 
predevelopment conditions, and a thin upper portion of 
the floodplain Holocene alluvium is unsaturated. 

                     
23 See ASARCO Incorporated’s and Arizona Water Company’s Response to Other Parties’ Objections to the 
Report of the Special Master (Nov. 1, 2004) (“ASARCO’s Response”) at 5-9. 
24 Special Master’s Report at 56 (quoting Gila IV, 198 Ariz. at 335, 9 P.3d at 1074). 
25 In Gila IV, the Court stated, “it is critical that any test used for determining the boundaries of a subflow 
zone be as accurate and reliable as possible. Otherwise, use of an inaccurate test to determine whether a 
well is pumping subflow would not satisfy the clear and convincing evidentiary standard….” Gila IV, 198 
Ariz. at 335, 9 P.3d at 1074; Special Master’s Report at 56, n.130. 
26 Special Master’s Report at 57. 
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To include a well in the adjudication, it is not 
enough to determine it is highly probable the entire 
lateral extent of the floodplain Holocene alluvium was 
saturated at some point. It must be shown it is highly 
probable the well is pumping subflow from the 
saturated floodplain Holocene alluvium. (Emphasis 
supplied.)27 
Both at the time the trial court issued the Goodfarb Order 

declaring the lateral extent of the subflow zone, and later when 
Gila IV affirmed that order, the dynamic nature of river 

channels and alluvial basins was well known. The Goodfarb Order 

reflects that the trial court was fully aware of this 

characteristic when it was considering subflow issues. The order 

recites examples of flow changes (e.g., stream channel migration 

and shifting) that caused the trial court to conclude that river 

channels are not stable.28 The trial and appellate courts held 

that, notwithstanding these variables, the floodplain Holocene 

alluvium “is the only stable geologic unit which is beneath and 

adjacent to most rivers and streams … [and] in order to fulfill 

the definition of ‘subflow,’ the geologic unit must be saturated 

because of the need for a hydraulic connection between the 

stream and the ‘subflow’.”29 
Gila IV embodies the Supreme Court’s decision that the 

jurisdictional limits of this adjudication extend to the 

                     
27 Id. 
28 Goodfarb Order at 40. 
 
29 Goodfarb Order at 56; Gila IV, 198 Ariz. at 337, 9 P.3d at 1076. 
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floodplain Holocene alluvium determined at a time of saturation. 

In upholding the trial court’s subflow standard, the Supreme 

Court quoted with approval the finding that: 

The evidence … shows that the only true geologic 
unit which is beneath and adjacent to the stream is 
the floodplain Holocene alluvium. When it is 
saturated, that part of the unit qualifies as the 
“subflow zone”….30 
After more than a decade of dispute, study, and argument, 

the Arizona Supreme Court provided this adjudication with the 

following practical (at least with respect to the San Pedro 

River Watershed) jurisdictional boundary: All surface streams, 

their sources, and the subflow found within the saturated 

floodplain Holocene alluvium. 

The Goodfarb Order’s subflow definition strikes an 

appropriate balance between surface water and groundwater rights 

by initially setting the parameters of the subflow zone 

narrowly.31 It also employs reasonable assumptions based upon 

reliable data to include water uses within this limited area in 

the adjudication. To insure that groundwater users are not 

unfairly included within the adjudication, our courts have 

rejected attempts to expand the scope of the subflow zone to 

                     
30 Gila IV, 198 Ariz. at 337, 9 P.3d at 1076. 
31 In Gila IV, the Supreme Court commente d on the trial court’s compliance with the direction in Gila II 
that the subflow zone be narrowly construed: “contrary to the groundwater users’ argument that the trial 
court’s definition of subflow is broader than Gila River II and Southwest Cotton permit, the record reflects 
that saturated floodplain Holocene alluvium occupies only very narrow portions of the alluvial basins.” 
Gila IV, 198 Ariz. at 342, 9 P.3d at 1081. 
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include the entire floodplain alluvium underlying surface 

waterways and have limited the adjudication’s jurisdiction to 

the Holocene alluvium because it constitutes “the only stable 

geologic unit which is beneath and adjacent to most rivers and 

streams….”32 

It is important to note that determination of the subflow 

zone does not adversely affect substantive rights of surface or 

groundwater users. It merely sets parameters with respect to the 

Court’s water use inquiry. As some parties have mentioned, 

“Arizona is currently in the depths of an extended and severe 

drought. This drought, a natural and recurring event, has 

undoubtedly had an effect on the saturated extent of the 

Holocene alluvium.”33 Should the dynamic nature of a river or 

stream exclude water users from this Court’s jurisdiction who 

would have been subject to having their rights declared when the 

proceeding was initiated?34 While the Special Master and the 

objectors are correct that the Supreme Court has directed that 

ADWR and this Court insure that determinations are as accurate 

                                                                
32 Goodfarb Order at 56; Special Master’s Report at 33. 
 
33 Arizona Public Service Company’s and Phelps Dodge Corporation’s Response to Objections to the 
Special Master’s Report on ADWR’s Subflow Technical Report, San Pedro River Watershed (Nov. 1, 2004) 
(“APS/PD Response”) at 6-7. 
34 The Apache Tribes correctly point out that Arizona’s river systems’ dynamic nature, coupled with the 
fact that ADWR must map various subflow zones in phases, dictates that any temporally limited 
measurement would be arbitrary. Apache Tribes’ Response to the Objections of Certain Parties to the 
Report of the Special Master on Arizona Department of Water Resources’ Subflow Technical Report (Nov. 
1, 2004) (“Apache Tribes’ Response”) at 8-9. 
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as possible, it also has consistently acknowledged that 

“subflow” is an “artificial and fluid” term that has purely 

legal, as opposed to scientific or hydrological relevance.35 The 

Supreme Court has made clear that the adjudication court is 

authorized to adopt reasonable assumptions in order to permit 

the adjudication to fulfill its functions.36 

ADWR’s saturation assumption is reasonable, practical, and 

consistent with the goal of permitting this adjudication to be 

completed “within the lifetime[s] of some of those presently 

working on the case”37 (or at least their children’s). And the 

Supreme Court’s requirement that subflow be narrowly defined, 
coupled with the specific recognition that even wells pumping de 

minimis amounts of subflow may be excluded from the 

                     
35 Gila II, 175 Ariz. at 392, 857 P.2d at 1246; Gila IV, 198 Ariz. at 334, 9 P.3d at 1073. 
36 Gila IV explicitly recognized this Court’s duty to balance accuracy and expediency in undertaking 
adjudication tasks when it discussed establishing a test for determining the cone of depression created by 
withdrawals from a well: 

The [trial] court recognized that each well must be separately evaluated “to 
compute drawdown at the ‘subflow’ zone” and that “whatever test ADWR finds is 
realistically adaptable to the field and whatever method is the least expensive and delay-
causing, yet provides a high degree of reliability, should be acceptable.” 

We agree with the trial court. 
Gila IV, 198 Ariz. at 343, 9 P.3d at 1082 (quoting Goodfarb Order at 62). 

Likewise, in rejecting the argument that even water claims having a de minimis effect on stream 
flow must be subject to the lengthy adjudication process, the Supreme Court noted, “[p]resumably, 
Congress expected that water rights adjudications would eventually end. It is sensible to interpret the 
McCarran Amendment as permitting the trial court to adopt reasonable simplifying assumptions to allow 
us to finish these proceedings within the lifetime of some of those presently working on the case.” Gila II, 
175 Ariz. at 394, 857 P.2d at 1248. 
37 Gila II, 175 Ariz. at 394, 857 P.2d at 1248. 
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adjudication, ensures that groundwater users’ rights will be 

protected. 
3. Use of Predevelopment or Current Conditions 

Assuming the floodplain Holocene alluvium is saturated 

requires adopting a standard not entirely tied to current 

geological and hydrological conditions.  The subflow definition 

incorporating this assumption uses historical data to prevent 

hydrological conditions during a specific timeframe from having 

a disproportionate impact on the adjudication’s jurisdictional 

limits.38 Some claimants urge the Court to expand on this concept 

when mapping the subflow zone. They believe that it would be 

unfair for ADWR to undertake an analysis that determines stream 

flows based solely upon current conditions. These parties argue 

that utilizing only current conditions runs the risk of 

“allow[ing] those who are wrongfully and illegally using 

appropriable water to continue to do so and would make it more 

likely that the hydrologic connection between the underground 

                     
38ADWR states: 

Due to variations in the depth of the water table, the portion of the floodplain 
Holocene alluvium that is saturated changes over time, making the determination of the 
jurisdictional subflow zone difficult. And these variations are not unique to recent times, 
but apparently also occurred during predevelopment conditions…. 

. . . . 
The variety of conditions … were present … during both predevelopment and recent 
times making a determination of the water levels only possible at a particular point in 
time. 

Subflow Report at 15-16. 
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water and the surface stream is broken.”39 They suggest that 

using a current conditions methodology will promote disparate 

treatment between those whose claims are adjudicated earlier vs. 

later in the adjudication process.40 

Those objecting to ADWR’s use of the alternative to a 

current conditions methodology - predevelopment stream flow 

analysis - argue that “predevelopment” is an ambiguous, 

indeterminate standard, and that there is no accurate, reliable 

data available to establish appropriate predevelopment 

conditions.41 They also point to a portion of the Goodfarb 

Order’s definition of subflow they contend establishes that only 

current stream flow conditions are relevant.42 

The Special Master considered whether predevelopment or 

current conditions data should be used when calculating stream 

flows. The issue was separately briefed and a provisional ruling 

issued. After considering additional arguments and evidence, the 

                     
39 Salt River Project’s Response to Objections to Special Master’s Subflow Report (Nov. 1, 2004) (“SRP’s 
Response”) at 14. 
40 Id. at 14-15 (“If the [effective] date is when ADWR performs [its subflow] analysis, each pumper 
would have [a] substantial incentive to make sure that the watershed in which its well is located would 
be analyzed as close to the end of these proceedings as possible.”) Apache Tribes’ Response at 9-10 (It 
would be unjust “for a claimant to be able to ‘pump his way out’ of … the jurisdiction of the Court by 
depleting the subflow zone … in order to create ‘current stream conditions’ that are ephemeral”). 
41 APS/PD Objections at 12; Objections of ASARCO Incorporated and Arizona Water Company to the 
Report of the Special Master on the Arizona Department of Water Resource’s Subflow Technical Report 
(Oct. 1, 2004) (“ASARCO’s Objections”) at 8-11; Bella Vista Water Co., Inc., Pueblo Del Sol Water Co. and 
City of Sierra Vista Objections to the Report of the Special Master on the Arizona Department of Water 
Resource’s Subflow Technical Report (Oct. 1, 2004) (“Bella Vista’s Objections”) at 4-6. 
 
42 See, e.g., APS/PD Objections at 18-19. 
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Special Master expanded on and modified his original 

determination.43 His report lists various timeframes targeting 

periods beginning as early as 1848 to as late as 1978, which 

some parties suggested as appropriate predevelopment reference 

points. The Special Master recognized that any period selected 

“must consider the feasibility of obtaining the requisite 

technical data and evidence; potential delay and expense of 

those efforts and of subsequent investigations; level of 

accuracy and reliability of the subflow analysis; confidence of 

meeting the clear and convincing evidentiary standard; and 

fairness.”44 He found that ADWR has not yet had the opportunity 

to obtain and review maps, reports, and other documents 

evidencing predevelopment conditions and, therefore, “[i]t is 

premature to conclude that ADWR cannot obtain reliable evidence 

of predevelopment stream flow conditions.”45 

In 2002, this Court stated its belief that a proper 

analysis of subflow required consideration of stream conditions 

“prior to widespread diversion and depletion of Arizona’s stream 

                     
43 The Special Master’s Report discusses the claim that both the adjudication and appellate courts have 
already ruled that current conditions must be used in making subflow zone determinations. After a 
thorough review of the relevant history of the adjudication, the Special Master properly rejected the 
argument that “the trial court ruled, and was affirmed by the Supreme Court, that subflow analysis must 
consider current and not predevelopment stream flow conditions, entitling the affirmed ruling to stare 
decisis.” Special Master’s Report at 47. 
44 Id. at 51. 
45 Id. at 50. 
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flows.”46 The Special Master’s Report correctly recognizes that 

“widespread diversion” does not refer to every activity 

occurring within a water system. The predevelopment stream flow 

conditions ADWR considers in its stream flow analysis should be 

those existing during an identifiable chronological year or 

range of years immediately prior to regular, discernable 

diversion or depletion of stream flows resulting from human 

activity. 

The Court agrees with those suggesting ADWR should take a 

practical approach and adopt the earliest predevelopment 

timeframe for which accurate and reliable data is available. The 

Department may find the appropriate predevelopment period 

differs even within various watersheds due to the quantity and 

quality of available data. The Department may use its discretion 

in excluding from its analysis human generated depletions or 

diversions it concludes were minimal, localized, or sporadic. 

This approach will ensure the adjudication adopts a 

jurisdictional standard that assures surface water users that 

their rights are not prejudiced by the mere passage of time, 

while recognizing the legal protections supplied groundwater 

users. 

Objectors arguing that the adopted subflow definition 

restricts stream flow analysis to current conditions rely on the 

following two guidelines found in the Goodfarb Order: 

                     
46 M. E. 2, n.1, supra. 
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1. The “subflow” zone must be adjacent and beneath a 
perennial or intermittent stream. 

2. It may not be adjacent or beneath an ephemeral 
stream. However, it may be adjacent or beneath an 
ephemeral section of a perennial or intermittent 
stream, if the ephemeral section is caused by 
adjacent surface water diversion or groundwater 
pumping. There must, however, be a saturated zone 
beneath connected to similar zones beneath the upper 
and lower perennial or intermittent stream sections. 
(Emphasis supplied.)47 

Some parties refer to the italicized language above as the 

“ephemeral stream exception.” 

Those urging use of current conditions assert that the 

“ephemeral stream exception language demonstrates that the trial 

judge intended that the subflow exception be adjudicated under 

current and not predevelopment conditions because no groundwater 

pumping or surface water diversion existed” in the 

predevelopment era.48 They believe that any proposed definition 

of “predevelopment” is automatically at odds with the ephemeral 

stream exception because the diversions and depletions mentioned 

in the exception could not have occurred in a predevelopment 

period.49 

                     
47 Goodfarb Order at 35. 
48 Cities’ [of Chandler, Glendale, Mesa, and Scottsdale] Response to Comments and Objections to Special 
Master’s Subflow Report on the Arizona Department of Water Resources’ Subflow Technical Report (Nov. 
1, 2004) (“Cities’ Response”) at 5. 
 
49 APS/PD Objections at 19. 
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Although finding that no court has resolved the 

predevelopment or current conditions dispute, the Special Master 

found “that in order to give effect to the plain language of the 

exception, and incorporate it into the subflow analysis, the 

applicability of the ephemeral stream exception must be 

determined using post-development conditions.”50 This Court 

believes that when read in proper context, the ephemeral stream 

exception supports use of predevelopment conditions to delineate 

the subflow zone. 

At its core, the Goodfarb Order provides that the subflow 

zone may only be comprised of areas related to perennial and 

intermittent streams. That is the rule. No ephemeral streams may 

be included. The exception to this rule arises when evaluating 

streams that would legitimately be categorized as ephemeral, but 

only because of the effect of surface water diversions or 

groundwater pumping. The exception requires, in effect, that 

these streams be considered in a predevelopment state. That is, 

if one assumes away the effects of diversions and pumping, would 

the subject streams share the characteristics of an adjacent 

intermittent or perennial stream? If the answer is “yes,” they 

can be included within the subflow zone due to their 

predevelopment attributes. Instead of an admonition to use only 

current conditions, the ephemeral stream exception is evidence 

that the Goodfarb Order contemplated that ADWR would outline the 

                     
50 Special Master’s Report at 47. 
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subflow zone without having to be concerned that human generated 

water diversions or depletions might artificially divest 

jurisdiction over water right claims this Court is charged with 

adjudicating. 

The remainder of the Special Master’s recommendations 

concerning subflow analysis, namely Recommendation Nos. 1 

through 10, 18, and 19, provide guidance as to how ADWR should 

map the subflow zone and are less controversial than those 

discussed above. The parties and this Court generally agree that 

the Department should incorporate the definitions of “perennial, 

intermittent and ephemeral streams” announced in the Goodfarb 
Order, consider a wide variety of resources (e.g., historical 

data, scientific reports, aerial photography, and field studies) 

when attempting to locate all the streams within a watershed, 

and take special care to ensure that the mapping methods used 

are as accurate as possible.51 

The Cone of Depression Test  

In Gila IV, the Arizona Supreme Court held that the rights 

to withdraw water from some wells located outside of the 

jurisdictional subflow zone are to be adjudicated by this Court. 

The included wells are those: 

                     
51 Id. at 24-39. In approving the Special Master’s Report Recommendation No. 6, which provides that 
“[t]he Court should direct ADWR to exclude from the subflow analysis the ephemeral streams shown in 
the NRCS soils survey maps,” the Court does not inte nd to modify its ruling as to how ADWR is to apply 
the ephemeral stream exception when mapping the subflow zone. 
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[L]ocated outside the lateral parameters of the 
defined ‘subflow’ zone … [whose] ‘cones of depression’ 
reach the ‘subflow’ zone and the drawdown from the 
well affects the volume of surface and ‘subflow’ in 
such an appreciable amount that is capable of 
measurement…. [A] well may be subject to the 
adjudication if its ‘cone of depression’ caused by its 
pumping has now extended to a point where it reaches 
an adjacent ‘subflow’ zone, and by continual pumping 
will cause a loss of such ‘subflow’ as to affect the 
quantity of the stream.52 
In response to this Court’s request, ADWR devised a method 

for determining whether water pumped from a well located outside 

the subflow zone creates a cone of depression that intercepts 

and withdraws subflow. The second series of issues discussed in 

the Special Master’s Report address the recommendations for 

implementing the Department’s proposals for measuring cones of 

depression created by well pumping. 
 

 

 

 

 

 

 

 

 

                                                                
52 Gila IV, 198 Ariz. 342-43, 9 P.3d 1081-82. 
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1. Testing Standards and Techniques 

ADWR proposes an eleven-step cone of depression test.53 The 

Department recommends that determinations should be made on a 

well-by-well basis, but that some components of its test should 

be combined to permit more efficient collection of data relating 

to wells located within a general area. To increase efficiency 

and reliability, the Department desires to use analytical and 

numerical models as part of its testing process. The Special 

Master’s Report describes these models as “sets of mathematical 

flow equations whose solutions yield simulations of the behavior 

of aquifers in response to stresses.”54 Use of models is intended 

to provide ADWR with a simplified representation of an aquifer 

based upon available hydrogeologic information concerning local 

conditions and aquifer properties. When mapping the subflow zone 

in an area comprised of simple geology, ADWR proposes to use an 

                                                                
 
53 The Department will: 

1. Determine well location, elevation, and distance from jurisdictional subflow zone; 
2. Determine pumping history; 
3. Determine frequency of pumping; 
4. Determine how the well was constructed; 
5. Characterize local hydrogeologic conditions; 
6. Define local aquifer properties; 
7. Construct a conceptual model of the aquifer system; 
8. Select a mathematical model; 
9. Input data and run a simulation using mathematical model; 
10. Analyze model output; and 
11. Determine whether a well should be adjudicated. 

Subflow Report at 23. 
54 Special Master’s Report at 74 
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analytical computer program to determine a well’s cone of 

depression. When confronted with areas in which an aquifer is 

more complex, the Department will shift to a numerical model, 

the use of which is more time consuming and requires 

supplemental field data for proper calibration.  

In order for a well to be included in the adjudication, 

ADWR suggests that two conditions must be met as of the time of 

the modeling: 

1. The well’s “simulated cone of depression has reached 
the edge of the jurisdictional subflow zone and 
drawdown at that point is greater than or equal to 
0.1 foot;” and 

 
2. The “water level in the well is below the water 

level in the jurisdictional subflow zone during 
pumping… ” (Emphasis in Subflow Report.)55 

Criticism of the 0.1 foot standard focuses on the claim 

that ADWR’s computer models cannot provide consistently accurate 

measurements of the extent of drawdown at the edge of the 

subflow zone.56 Objectors concede it is possible to obtain 

accurate water level measurements at 0.1 foot increments, but 

argue these results cannot be acquired solely by using the 

                     
55 Subflow Report at 31. 
56 One claimant asserts that the Goodfarb Order held that the 0.1 foot criterion couldn’t be used. 
ASARCO’s Objections at 13. The Court agrees with the Special Master that the trial court’s belief in 1994 
that drawdown measurements at 0.1 foot increments would be “difficult” proved to be incorrect and, in 
any event, does not serve as an impediment to adopting an appropriate method for evaluating a cone of 
depression. Special Master’s Report at 63. 
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models endorsed by the Department.57 They claim that absent field 

test corroboration, ADWR’s use of computer modeled simulated 

water levels will fail to satisfy the requisites for cone of 
depression measurements announced in Gila IV.  

The Special Master carefully considered arguments for and 

against ADWR’s proposal and concluded: 
Gila IV requires that the cone of depression test 

must yield results with a high degree of reliability. 
Under the clear and convincing evidentiary standard, 
ADWR’s determination that a well’s cone of depression 
impacts the subflow zone means it is highly probable 
the cone of depression has reached the edge of the 
subflow zone. The Special Master finds that a computer 
model’s simulation of a greater than or equal to 0.1 
foot drawdown can satisfy the degree of reliability 
required by Gila IV and the highly probable standard 
of clear and convincing evidence. The requisite 
reliability will depend … on the quality and quantity 
of parameter inputs. A focused and reasonable effort 
to collect and use reliable data and information must 
be made if a high degree of reliability is to be 
attained.58 
In evaluating the Department’s proposed cone of depression 

test, the Court must keep in mind both that absolute accurate 

quantification is not possible, and a hodgepodge system of 

uncertain reliability is not acceptable.  Even though some 

requisite data for accurate cone of depression measurements 

                     
57 BHP Copper Inc.’s Objection to Report of the Special Master on the Arizona Department of Water 
Resources’ Subflow Technical Report, San Pedro Watershed (Oct. 1, 2004) (“BHP’s Objection”) at 5-9; 
APS/PD Objection at 22-27. 
58 Special Master’s Report at 65. 



SUPERIOR COURT OF ARIZONA 
MARICOPA COUNTY 

 
09/15/2005  CLERK OF THE COURT 
  FORM V000 
   
HONORABLE EDDWARD BALLINGER, JR.  M. Wetherell 
  Deputy 
   
W-1, W-2, W-3, W-4(Consolidated) 
Contested Case No. W1-103 

  

 

Docket Code 000 Page 29 
 
 

“will often be either unknown or poorly known,”59 ADWR is charged 

with adopting a test that is “realistically adaptable to the 

field” and measurement standards that are “the least expensive 

and delay-causing” efficient methods that provide “a high degree 

of reliability.”60 In judging whether the Department has 

satisfied these directions, the Court accepts that “[c]onducting 

cone of depression tests requires numerous assumptions and 

considerable judgment and, in many cases, the test results will 

only provide a rough approximation of actual field conditions.”61 

ADWR’s modeling proposal, as clarified by the Special 

Master’s Report, is an affordable, delay-avoiding, adaptable 

method of determining cones of depression that provides an 

acceptable degree of reliability and accuracy. The parties agree 

that the 0.1 foot drawdown criterion comports with the 

“appreciable” and “measurable” standards put in place as a 

result of the decisions in Southwest Cotton and Gila II. The 

only legitimate concern is whether computer models can 

accurately reflect a well’s drawdown. 

At the hearing held on this issue, testifying experts 

uniformly acknowledged that they “use analytical and numerical 

computer models to estimate drawdown to 0.1 foot (or smaller) 

and that they report such results to their clients with the 

                     
59 Subflow Report at 21. 
60 Gila IV, 198 Ariz. at 343, 9 P.3d at 1083. 
61 Subflow Report at 21-22. 
 



SUPERIOR COURT OF ARIZONA 
MARICOPA COUNTY 

 
09/15/2005  CLERK OF THE COURT 
  FORM V000 
   
HONORABLE EDDWARD BALLINGER, JR.  M. Wetherell 
  Deputy 
   
W-1, W-2, W-3, W-4(Consolidated) 
Contested Case No. W1-103 

  

 

Docket Code 000 Page 30 
 
 

expectation that the clients will rely upon those results.”62 

While this observation is not determinative, it is instructive 

as to how those in the industry regard the use of modeling. More 

important, the evidence before the Special Master established 

that any error potential can be dramatically reduced by paying 

close attention to the accuracy of the data relied upon when 

setting the parameters used by the computer models. The Special 

Master’s recommendation with respect to cone of depression 

measurements addresses the objectors’ concerns by making clear 

that ADWR’s proposed methods will satisfy the requirements of 
Gila IV and the “highly probable” clear and convincing 

evidentiary standard only if the Department implements a focused 

and reasonable mechanism for obtaining highly reliable data 

which are used in setting model parameters.63 

ADWR’s second condition for including a well within the 

adjudication is that the well’s water level is below the water 

level in the jurisdictional subflow zone during pumping. The 

Department believes that a well should not be included in the 

adjudication if it is not located within a topographic area 

conducive to causing water to flow from the subflow zone to the 

well. Under this definition, subflow drawdown potential would be 

                     
62 SRP’s Response at 22; see Special Master’s Report at 61. 
63 Special Master’s Report at 65. The Court also agrees with the Special Master’s rejection of the 
alternative methods suggested for determining a well’s cone of depression because due to inaccuracy, 
cost, problems with implementation, and delay, they do not satisfy the economy, expediency, and 
reliability criteria set forth in Gila IV. Id. at 68 & 70-71. 
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determined based upon the hydraulic gradient between a stream 

and a well.64 Making these determinations regarding the nearly 

6,500 wells in the San Pedro River Watershed would be costly and 

potentially delay subflow zone determination for some time. The 

Special Master concluded this process was neither feasible nor 
practical and would not comply with Gila IV’s economy and 

expediency criteria.65 

The Special Master also noted that tying a well’s inclusion 

in this adjudication to hydraulic gradient reversal is not 

consistent with the following findings made in the Goodfarb 

Order: 

[S]tream depletion occurs as soon as the “cone of 
depression” reaches the stream, even though it may be 
some time before the hydraulic gradient at the river 
is reversed, and may be many years before a particle 
travels from the stream to the well. (Citation to 
transcript omitted). [Expert witnesses] Ford and Page 
contend that streamflow depletion first takes place 
when the cone intersects the stream, not when the 
hydraulic gradient is reversed or the molecule of 
streamflow is ejected by the well. (Citations to 
transcript omitted). It is beyond dispute that even 
before the gradient is reversed, a measurable drawdown 
at the stream’s “subflow” zone necessarily results in 
water leaving the zone in order to fill the void which 
has been created by the well. Ford’s Report, (citation 
omitted) [when the cone intersects the “subflow” zone, 

                     
64 Under this test, ADWR would determine if there was hydraulic gradient reversal over the entire 
distance between a well and a stream. That is, does the gradient flow downward continuously from the 
stream to the well? Id. at 70. 
65 See n.64, supra. 
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it “induce[s] subflow to leave (deplete the Subflow 
Zone and the stream”)]. This is true even where the 
gradient has not been reversed everywhere between the 
well and the stream. (Emphasis by Special Master.)66 

The Gila IV court’s affirmance of the Goodfarb Order, which 

included the language quoted above, mandates that it is the 

effect on a stream and its subflow, not additions to a well’s 

output, that is to be measured when deciding which wells are 

subject to this Court’s jurisdiction. 
2. Transient or Steady State Modeling 

Having approved the use of analytical and numerical 

computer modeling, the Court must address the temporal 

parameters to be used when testing. ADWR suggests that only the 

time of modeling be considered when applying the cone of 

depression test. This test method is called “transient state 

modeling.” Its major deficiency is that it is a snapshot 

approach that does not account for the fact that a well’s cone 

of depression is dynamic. The parties agree that a well’s cone 

of depression generally stabilizes gradually, expanding or 

decreasing after the period of modeling. Transient state models 

do not account for the prospective impact of well withdrawals. 

This testing approach may result in wells that will impact the 

subflow zone for only the briefest portion of the next 

millennium being included in the adjudication, while other wells 

                     
66 Special Master’s Report at 73 (quoting Goodfarb Order at 61). 
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that will have a dramatic impact on the subflow zone (but not 

during the relatively short modeling period) are not included. 

Those criticizing ADWR’s proposed approach urge the Court 

to direct the Department to use a steady state model.67 While no 

one can predict with certainty the future use of wells, the 

steady state model does not have a temporal limit and purports 

to account for the future impact of withdrawals by using long-

term average hydrologic data to establish an equilibrium between 

a pumping well and the amount of water the well withdraws from 

streams and underground sources.68 The weakness of steady state 

modeling is that it does not as accurately account for 

conditions during a specific time period and, according to its 

critics, cannot effectively simulate either the dynamic 

hydrologic systems in Southwestern deserts or changes in 

groundwater storage.69 

It is clear that if a more accurate result is desired with 

respect to a relatively narrow timeframe, transient state 

modeling is preferable, but if long-term accuracy is needed, the 

steady state model will, over time, be more useful. Which 

approach is more appropriate for the adjudication? 

The Special Master resolved this issue by focusing on the 
following excerpt from Gila IV: 

                     
67 Special Master’s Report at 82. 
68 Id. 
69 Id. at 83. 
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[A] well may be subject to the adjudication if its “ 
‘cone of depression’ caused by its pumping has now 
extended to a point where it reaches an adjacent 
‘subflow’ zone, and by continual pumping will cause a 
loss of such ‘subflow’ as to affect the quantity of 
the stream.” 

… DWR may seek to establish that a well located 
outside the limits of the saturated floodplain 
alluvium is in fact pumping subflow and is therefore 
subject to the adjudication, by showing that the 
well’s cone of depression extends into the subflow 
zone and is depleting the stream. (Emphasis by Special 
Master.)70 

Relying on the language above, the Special Master concluded that 

the steady state model’s attempt to consider the future impact 

of a well’s cone of depression does not comport with the 
requirements announced in Gila IV because to be included within 

this Court’s jurisdiction, a well’s cone of depression must 
extend into the subflow zone, and the well must be currently 

depleting a stream.71 Review of relevant sections of the Goodfarb 
Order and the Gila IV opinion cause this Court to reach a 

contrary conclusion. 

After narrowly defining the area in which subflow may be 

found, the Arizona Supreme Court adopted a more expansive 

standard with respect to who, within this narrow zone, is 

                     
70 Id. (quoting Gila IV, 198 Ariz. at 343, 9 P.3d at 1082). 
71 Even though he viewed ADWR’s transient state modeling proposal favorably, the Special Master was 
apparently uncomfortable with the potential unjust results that can flow from snapshot measurements. 
Id. at 84 (“Although Gila IV and the evidence do not support rejecting ADWR’s recommendation, the 
impact of expanding cones of depression must be taken into account.”). 
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subject to the adjudication.72 Adopting the reasonable 

assumptions made in steady state modeling is consistent with the 

principles announced in the Goodfarb Order and approved by the 
Gila IV court. The Goodfarb Order explicitly recognized that 

cones of depression expand over time and can have a long-term 

effect on subflow even after well pumping ceases: 

[The] facts show … that “cones of depression” have 
long-term effects even after the wells are shut down. 
Two recent Colorado cases make that clear. Danielson 
v. Castle Meadows, 791 P.2d 1106 (Colo. 1990) and 
State Engineer v. Castle 6 Meadows, 856 P.2d 406 
(Colo. 1993) discuss the long-term effect of post-
pumping depletion. In the “Danielson” case the trial 
court had found that post-pumping depletions could 
continue up to and after 200 years. In the remanded 
trial which took place in 1991, the trial court found 
the post-pumping depletions could continue up to and 
after 400 years. In both cases the Colorado Supreme 
Court found that these post-pumping depletions had to 
be remedied by the pumps to protect surface water 
users…. 

All of the principal witnesses agreed that even 
wells located outside of a stream’s “subflow” could, 
over time, build up extensive “cones of depression” 
which could severely affect the volume of stream flow 
and the “subflow” which supported it.73 
The trial court’s finding that “stream depletion occurs as 

soon as the ‘cone of depression’ reaches the stream, even though 

it may be some time before the hydraulic gradient at the river 

                     
72 Gila IV, 198 Ariz. at 343, 9 P.3d at 1082. 
73 Goodfarb Order at 60. 
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is reversed, and may be many years before a particle travels 

from the stream to the well” evidences that the court intended 

for future pumping consequences to be considered when setting 

the adjudication court’s jurisdiction.74 When this ruling is read 

in conjunction with the quote from Gila IV relied upon by the 

Special Master, an alternative interpretation appears: 

[A] well may be subject to the adjudication if 
its “ ‘cone of depression’ caused by its pumping has 
now extended to a point where it reaches an adjacent 
‘subflow’ zone, and by continual pumping will cause a 
loss of such ‘subflow’ as to affect the quantity of 
the stream.” (Emphasis supplied.)  

 
The language cited above is consistent with the Goodfarb 

Order and requires that a well with a cone of depression 

reaching the subflow zone be subject to adjudication if the 

extent of the well’s current or prospective depletive effect on 

the stream is measurable by reasonably accurate means. Only 

steady state modeling adequately addresses the need to consider 

the future consequences of existing well characteristics that 

was contemplated by the Goodfarb Order.  

 

3. Cumulative Effect of Multiple Well Drawdowns 

The Gila IV opinion requires that wells must be 

individually evaluated to determine if they are subject to the 

adjudication.  The Special Master’s Report asks whether, in 

                     
74 Id. at 61. 
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addition to this individual analysis, the cumulative drawdown 

effect of groups of wells should be reviewed.75 Parties favoring 

cumulative testing claim that available numerical models easily 

and accurately calculate the cumulative impact of clusters of 

wells.76 They argue that the Court must direct ADWR to undertake 

individual and cumulative analysis in order to adequately 

protect surface water rights. Other parties argue that 

cumulative testing will detract from the Department’s efforts to 

complete higher priority tasks directly related to statutorily 

mandated tasks.77 The Special Master’s Report adopts a hybrid 

position and recommends that ADWR select one or more groups of 

wells to test whether cumulative analysis is warranted. 

Because the jurisdictional limits of the subflow zone are 

strictly drawn, the better approach is to undertake such 

analysis as is required to identify all wells within this narrow 

region that are affecting subflow. The Special Master’s Report 

indicates that an anticipated hydrological study of the Sierra 

Vista Subwatershed may provide additional relevant information 

regarding the individual and cumulative effects of well 

                     
75 Special Master’s Report at 86. 
76 Apache Tribes’ Objections to the Report of the Special Master on Arizona Department of Water 
Resources’ Subflow Technical Report (Oct. 1, 2004) (“Apache Tribes’ Objections”) at 21-22; United 
States’ Response to Exceptions to the Report of the Special Master on the Arizona Department of Water 
Resources’ Subflow Technical Report, San Pedro River Watershed (Nov. 1, 2004) (“U.S. Response”) at 
14-15. 
77 ASARCO Incorporated’s and Arizona Water Company’s Reply in Support of Objections to the Report of 
the Special Master on the Arizona Department of Water Resources’ Subflow Technical Report, San Pedro 
River Watershed (Dec. 1, 2004) (“ASARCO’s Reply”) at 9. 
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pumping.78  At least with respect to the San Pedro watershed, the 

Department should ascertain whether significant withdrawals of 

subflow occur as the result of pumping by one well or a group of 

wells.  

De Minimis Uses 

With one limitation, the Gila IV decision requires wells 

located within the lateral limits of a subflow zone to be 

subject to this adjudication. The exception excuses those wells 

“that, though pumping subflow, have a de minimis effect on the 

river system…. [Those wells] may be excluded from the 

adjudication based on rational guidelines for such an exclusion, 

as proposed by DWR and adopted by the trial court.”79 Gila II 

also sanctions summary adjudication of de minimis water rights.80 

The Subflow Report describes the work done by then Special 

Master John Thorson to determine if certain stockwatering, 

stockponds, or domestic water uses in the San Pedro River 

Watershed qualified for summary adjudication. Special Master 

Thorson concluded that when measured individually these uses had 
a de minimis impact on the watershed, and even though their 

cumulative impact was not de minimis, he found that the 

resources required to individually adjudicate and 

administratively manage these water rights justified summary 

                     
78 Special Master’s Report at 88. 
79 Gila IV, 198 Ariz. at 344, 9 P.3d at 1083. 
80 Gila II, 175 Ariz. at 394, 857 P.2d at 1248. 
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adjudication. ADWR accepted the Special Master’s definitions of 
what constitutes a de minimis domestic, stockpond, or 

stockwatering use, but the Department did not agree with the 

Special Master that these uses should be adjudicated summarily. 

Because the Subflow Report was filed on March 29, 2002, the 

Department’s discussion did not reflect that on September 26, 
2002, this Court approved Special Master Thorson’s proposed de 

minimis definitions and adopted his recommended summary 

adjudication procedures.81 

Some claimants suggest that the Court direct ADWR to 

propose guidelines for determining when non-domestic water uses 
(e.g., agricultural, municipal, industrial, and other uses) have 

a de minimis effect on a watershed.82 They believe the Department 

should propose a set of de minimis criteria that apply 

irrespective of the type of water use.83 The Court agrees with 

these parties that a prime consideration when determining if a 
water use has a de minimis effect on a watershed is its 

quantifiable impact on the subflow zone. Until ADWR proposes an 

accurate and reliable method for determining quantifiable 
impacts, its de minimis proposal will be deficient.”84  

The Special Master’s Report and some comments indicate that 

the parties did not extensively brief this issue, and it may 

                     
81 Memo. Dec. (Sept. 26, 2002). 
82 Special Master’s Report at 93. 
83 APS/PD Objections at 37. 
84 Id. 
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“best be considered at such time as ADWR and the parties have 

more new or updated data.”85 The Special Master will be directed 

to seek input from the Department and claimants, and conduct 

such proceedings as he deems necessary to craft a workable, 

reasonably accurate de minimis standard that can be applied to 

non-domestic water users. 

Implementation of Procedures 

The Department and the Special Master have supplied a 

number of recommendations responding to the Court’s request that 

ADWR propose a schedule for completing the tasks outlined in its 

report. The Court agrees with the Special Master that ADWR’s 

proposal of first mapping the subflow zone in a watershed, then 
identifying de minimis uses, and finally conducting cone of 

depression tests is appropriate.86 The parties generally agree 

with this plan, although some disagree with the Special Master’s 

recommendation of a period of one hundred twenty (120) days for 

filing objections to ADWR’s technical report delineating the 

subflow zone.87 The Court does not challenge the Special Master’s 

analysis of the applicable statutory authority governing the 

filing of objections, but it will accommodate the desire of 

claimants requesting a one hundred eighty (180) day period for 

the timely filing of objections and comments to a technical 

                     
85 Special Master’s Report at 93; see SRP’s Response at 36-37. 
86 Subflow Report at 45; Special Master’s Report at 96. 
87 APS/PD Objections at 38-39. 
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report. The Court agrees with the remainder of the Special 

Master’s recommendations regarding the implementation of 

procedures. 

The foregoing discussion constitutes the Court’s findings 

of fact and conclusions of law with respect to the Special 

Master’s Report and the Department’s Subflow Report. Based upon 

these findings and conclusions, 
IT IS ORDERED, approving the Subflow Report as modified by 

this Order. 

IT IS FURTHER ORDERED, that with respect to the 

recommendations set forth in the Special Master’s Report: 

1. The Court approves and adopts, as modifications to the 

Subflow Report, Recommendation Nos. 1, 2, 3, 4, 5, 7, 8, 

9, 10,11 ,13, 14, 20, 21, 22, 23, 24, 25, 26, 27, 30, and 

31. 

2. With respect to Recommendation No. 6, the Court approves 

and adopts this recommendation, but notes that ADWR shall 

include as part of the subflow zone any areas determined 

to fall within the ephemeral stream exception discussed 

above. 

3. If ADWR determines, with respect to any specific area, it 

cannot delineate a reasonably accurate and reliable 

subflow zone, it shall proceed in accordance with 

Recommendation No. 12. 
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4. Recommendation No. 15, as clarified by this Order, is 

approved and adopted. 

5. Recommendation Nos. 16, 17, and 32 are not approved and 

adopted. 

6. Recommendations Nos. 18, 19, 29, 33, 34, 36, 37, 38, and 

39 are approved and adopted to the extent consistent with 

this Order. 

7. Recommendation No. 28 is not approved and adopted. ADWR 

shall utilize a reasonably reliable steady state model 

for use in evaluating the effect of cones of depression. 

8. The Court approves and adopts Special Master’s 

Recommendation No. 35 to the extent modified by this 

Court’s holdings.  

9. The Special Master is directed to seek input from the 

Department and claimants and take such other necessary 

steps to fashion standards for identifying non-domestic 
de minimis water uses. 

IT IS FURTHER ORDERED, that claimants shall be provided a 

period of one hundred eighty (180) days from the filing date to 

file timely objections and comments to technical reports 
containing ADWR’s subflow zone determinations. 

DATED: September 28, 2005. 

/s/ Eddward P. Ballinger, Jr.   
EDDWARD P. BALLINGER, JR. 
Judge of the Superior Court 
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*  *  *  * 
 
A copy of this minute entry is mailed to all parties on the 

Court-approved W-1, W-2, W-3 and W-4 mailing list dated June 15, 
2005, and the parties listed below. 

 
City of Benson 
Jennele Morris O’Hair, P.C. 
PO Box 568 
Vail, AZ  85641-0568 
 
Long Meadow Ranch Property Owners Association 
George E. Price, President 
12110 North Antelope Run 
Prescott, AZ  85305 
 
Valory Strausser 
Lee A. Storey and Steve Wene 
Moyes Story, Ltd. 
1850 North Central Avenue, Suite 1100 
Phoenix, AZ  85004 
 
Yavapai County Attorney’s Office 
M. Randolph Schurr 
255 East Gurley Street, Third Floor 
Prescott, AZ  86301 
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In Re the General Adjudication 

            

of All Rights to Use Water in W-1, W-2, W-3, W-4 (Consolidated) 
The Gila River System and Source  
  
In Re Subflow Zone Delineation 
Methodology for the San Pedro River 
Watershed Report (April, 2012) Prepared by 
The Arizona Department of Water Resources 

W1-103 

  
  
  
  
  
  
 

MINUTE ENTRY 
 

A number of parties have filed objections, comments and motions relating to the 
April, 2012, report of the Arizona Department of Water Resources concerning the 
proposed methodology to be used to determine the extent of the subflow zone of the San 
Pedro River Watershed (“ADWR’s April, 2012, Report”).  To aid in resolving the issues 
raised, 
 

IT IS ORDERED setting Oral Argument on matters related to ADWR’s April, 
2012, Report, to be held on Thursday, November 8, 2012, at 2:00 p.m. (MST), at the 
Southeast Juvenile Court Building, 1810 South Lewis, Mesa, Arizona 85210, Courtroom 
9. 
 

If you wish to appear telephonically, please follow instructions below: 
 



1.  Dial 1-877-820-7831 
2.  Dial participant passcode 2743132# 
3. (for assistance, if needed, dial 1-800-485-0844 / option 2) 

 
 
A copy of this order is mailed to all parties on the court-approved mailing list (Court) for 

Contested Case No. W1-103 dated July 17, 2012. 
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Geology and Geomorphology of the San Pedro River 

Philip A. Pearthree and Joseph P. Cook 

Research Geologists, Arizona Geological Survey 

March 2014 

 

 

Introduction 

The San Pedro River flows through the rugged landscape of San Pedro Valley from the U.S. – Mexico 

border to its confluence with the Gila River at Winkelman (Figure 1). The San Pedro River has incised 

(downcut) moderately to deeply into the valley floors that were accumulating sediment until the past 

few million years or less. River incision has in turn driven incision of all of its tributaries and erosion of 

the surrounding landscape. The inception of river incision resulted in a dramatic narrowing of the extent 

of river deposits, and this trend has continued to the present. As the river has incised, it has carved an 

erosional trough in older basin-fill deposits and bedrock, and has left behind remnants of older river 

deposits (river terraces) that record previous levels of the river. During the Holocene (the past ~10,000 

yrs) the river has operated within a relatively narrow corridor bounded by eroded basin deposits, older 

river terrace deposits, tributary deposits, and bedrock, so all Holocene river deposits are restricted to 

this corridor. The primary purposes of this section are to summarize the geologic setting and the 

geomorphic development and evolution of San Pedro River during the middle and late Quaternary. The 

latter point is particularly important for understanding the physical setting of Holocene San Pedro River 

deposits. 

 

Geographic Setting and Geologic History of the San Pedro River 

 

The San Pedro River flows north for about 125 miles through the Basin and Range province of 

southeastern Arizona from the U.S. – Mexico border to its confluence with the Gila River near 

Winkelman. The San Pedro is a large regional watershed of approximately 4,720 mi2. The uppermost 

part of the river in Arizona is flanked by the Huachuca and Mule Mountains, the next reach downstream 

is flanked by the Whetstone, Dragoon, Little Rincon, and Rincon Mountains, and the lower San Pedro 

Valley is flanked by the Rincon, Santa Catalina, and Tortilla Mountains on the west and the Galiuro 

Mountains on the east. For most of its length, the San Pedro River course is formed in eroded late 
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Cenozoic basin-fill deposits. Bedrock bounds the river in 3 relatively short reaches, the Tombstone Hills 

in the Fairbank-Charleston area, the area of the Narrows between the Rincon and Little Rincon 

Mountains north of Benson, and near Dudleyville above the Gila confluence (Figure 1). The San Pedro is 

fed by many tributaries that vary greatly in size, from tiny watersheds that drain short and steep 

catchments to the largest tributaries, the Babocomari River and Aravaipa Creek. Each of these largest 

tributaries has extensive sedimentary and bedrock-lined reaches. Although the San Pedro River is the 

axial drainage or trunk stream throughout its length in Arizona, the size of the watershed and the 

diversity of rock types within the watershed increase dramatically from the upper to lower reaches.  

The general trend of San Pedro Valley is governed by the strong north to northwest structural and 

topographic grain of the adjacent mountain ranges. The sedimentary basins through which the river 

flows are more complicated, as the San Pedro River links multiple basins that were partially or 

completely separate drainage and depositional systems prior to development of the river. Some of the 

basins began to subside with the onset of extension and normal faulting as much as 30 million years B.P. 

(before present) (Dickinson, 1991), but others probably began to form more recently (Menges and 

Pearthree, 1989). Most faulting and basin subsidence in the region probably ceased by ~ 5 million years 

B.P (Menges and Pearthree, 1989), although some faulting has continued into the Quaternary 

(Pearthree, 1998). In terms of nomenclature for the deposits that filled these basins, the San Pedro 

Valley has historically been divided into upper and lower sections at the Narrows (Heindl, 1952), with 

deposits of the upper San Pedro Valley to the south called the St. David Formation (Gray, 1967), and 

deposits of the lower San Pedro Valley to the north called the Quiburis Formation (Heindl, 1963). The 

distribution of bedrock reaches along the river and variations in the estimated depth to bedrock, 

however, imply that several topographically low areas were loci of deposition prior to the development 

of the through-flowing San Pedro River (Figure 2). The uppermost basin in the Hereford area south of 

the Tombstone Hills and Fairbank is the deepest structural basin in San Pedro Valley (Richard et al., 

2007). The lowest part of the next basin to the north was near the southern flank of the Rincon 

Mountains in the area of Tres Alamos. These upper basins were probably part of the same drainage 

system linked by a north-flowing “proto-San Pedro River” by the middle Pliocene, ~3.5 million years B.P. 

(Lindsey et al, 1990; Smith, 1994). Based on estimated depth to bedrock, another center of deposition 

may have existed north of the Narrows in the Redington area, and a larger depocenter certainly existed 

farther north in the greater Mammoth area (Heindl, 1963; Dickinson, 2003; Richard et al, 2007). These 

latter two basins were probably linked by surface drainage throughout the Pliocene (Dickinson, 2003), 
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but it is not clear whether there was a through-flowing river linking all of the upper and lower basins in 

the late Pliocene to early Quaternary.  

The well-studied deposits of the St. David Formation in upper San Pedro Valley pre-date, and thus 

provide a maximum age constraint on, the Quaternary incision of the upper San Pedro River. 

Sedimentary characteristics of the lowest exposures of the St. David Formation north of Benson are 

consistent with deposition in a playa-like environment (analogous to modern Willcox Playa) prior to 

about 3.5 million years B.P. Exposures of stratigraphically higher and younger deposits from the Benson 

area south to near the U.S.-Mexico border are interpreted as primarily river floodplain and channel 

deposits that accumulated from 3.5 million to less than 770,000 yrs B.P. (Gray, 1967; Johnson et al, 

1975; Lindsay et al., 1990; Smith, 1994). These upper deposits are evidence for a proto- San Pedro River 

that was slowly aggrading in the upper San Pedro Valley. Alluvial fans from tributary drainages were 

feeding into the ancestral San Pedro from the east and west, and the uppermost exposures of the St. 

David Formation on the east side of the valley consist solely of tributary alluvial fan deposits (Lindsay et 

al, 1990). Presumably these alluvial fans were graded to the highest level of axial valley deposits, which 

have been almost completely removed by erosion in the Benson-St. David area. Relatively high, planar 

alluvial surfaces preserved in the southern ½ of the upper San Pedro Valley may approximate this 

maximum level of valley aggradation on top of the St. David deposits (Figure 3). Each surface remnant is 

higher than all river terraces and tributary fans and terraces in their vicinity, and they all have strong 

petrocalcic soil development (caliche) attesting to their antiquity. They extend discontinuously for about 

25 miles on the west side of the San Pedro River, from the Hereford area to north of the Babocomari 

Creek confluence, and their altitudes decrease from 4265 ft in the south to 4110 ft at the northernmost 

remnant. This is consistent with an axial valley drainage system that flowed north at a very gentle 

0.0012 gradient prior to the initiation of river incision.  

The first major period of incision in the upper San Pedro, which occurred sometime after the last 

major geomagnetic reversal at 770,000 years B.P. (Johnson et al., 1975), also caused substantial incision 

of tributary valleys. This incision was followed by a major aggradation period recorded by the “Granite 

Wash” tributary deposits (probably equivalent to map unit Qi1 of Cook et al, 2009), which filled tributary 

valleys that had developed during the initial incision (Johnson et al, 1975; Lindsay et al, 1990). The river 

and tributary drainages re-incised after deposition of the Granite Wash deposits, and have remained 

below the maximum level of middle Quaternary aggradation ever since. Quaternary incision is greater 

downstream along the upper San Pedro River; if the old surfaces discussed above accurately record the 
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pre-incision axial valley floor, then net river incision varies from <100 feet in the south to >300 feet in 

the Benson area. 

The spatial distribution of different facies of the Quiburis Formation in lower San Pedro Valley 

indicates that the largest and presumably lowest center of deposition prior to river incision was in the 

greater Mammoth area. In this area, a playa environment existed in the late Miocene and possibly into 

the Pliocene; at times, parts of this area sustained small lakes (Dickinson, 1998; 2003). Tributary alluvial 

fans fed into this depocenter from the east, west, and north. A broad axial valley drainage fed into the 

playa from the south, and tributaries on both sides of the valley fed into the axial valley (Dickinson, 

2003).  

The timing of river incision in lower San Pedro Valley is less well constrained, but downcutting along 

the axial drainage may have begun earlier there than in upper San Pedro Valley. Volcanic tephras fairly 

high in the Quiburis Formation in the Mammoth area have been dated at ~5 million years B.P. 

(Scarborough, 1975), implying that most of the Quiburis deposits there are late Miocene in age. 

Cosmogenic age estimates obtained for high alluvial fan remnants on the margins of San Pedro Valley 

indicate that they date to at least 1 million years B.P. (Matt Jungers, Arizona State University, oral 

communication, 2014). These paleofan surfaces pre-date most of the valley incision, so it is likely that 

incision of the lower San Pedro Valley began prior to 1 million year B.P. 

The distribution and character of basin-filling deposits prior to development of the modern San 

Pedro River have implications for the form of the modern valley. As the basins were dropping down due 

to faulting they were synchronously being filled with sediments eroded from adjacent mountain blocks 

(Heindl, 1963; Menges and Pearthree, 1989; Dickinson, 1991). Similar deposition patterns persisted for a 

few million years after faulting waned and before axial valley incision commenced (Menges and 

Pearthree, 1989; Smith, 1994). These basin-filling sediments are predominantly fairly coarse alluvial fan 

gravel near the mountains, transitioning to finer gravel and sand deposits farther from the mountains. 

Much finer-grained sand, silt, clay and minor gravel was deposited in the valley axes. The finest-grained 

sediments accumulated in the playa or lake-like environment in the lowest parts of these valleys. In 

general, the coarser-grained alluvial fan deposits are substantially more resistant to erosion than are the 

finer-grained basin axis deposits. Because younger Quaternary alluvial fan deposits mantle most areas 

where basin-fill sediments were deposited, the character of sediment supplied from adjacent mountain 

ranges in more recent times is also a critical in resisting erosion. Generally, the course of the San Pedro 

River is formed in late Cenozoic basin axis deposits that are fairly susceptible to erosion, but areas 
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adjacent to the river are much more extensively eroded where deposits are very fine-grained, such as 

the greater Benson area (Figure 4A). In areas where the San Pedro River course is formed in coarser 

Miocene, Pliocene or Quaternary alluvial fan deposits, older, more indurated basin deposits (both of 

these factors are important in the lower San Pedro Valley), or bedrock, the river corridor is narrower and 

the surrounding landscape is less pervasively eroded (Figure 4B).  

 

Late Quaternary Valley Development 

The valley erosion in both lower and upper San Pedro Valley has ultimately been driven by incision 

of the river. In the past million or more years for the lower San Pedro, and in the past ~600,000 years in 

the upper San Pedro, the river has incised far below the former valley floors. This river incision has 

caused all of the tributaries to incise as well, because the river is the base level to which the tributaries 

are graded. Base-level fall is transmitted efficiently upstream through easily erodible materials by 

knickpoint migration and bed erosion, depending primarily on the resistance of the material forming the 

stream bed to erosion and the amount of stream power available to do work (Bull, 1979). Thus, larger 

tributaries flowing over easily erodible material will respond most quickly and completely to river 

incision, whereas small tributaries flowing over resistant strata may have steep gradients and obvious 

knickpoints not far upstream. Incision along the channel network in turn drives erosion of adjacent 

hillslopes over a much longer time frame. In the eroded landscapes of San Pedro Valley, most of the 

material that has been removed was initially eroded from hillslopes into adjacent channels via sheetflow 

or gullies, then on down the drainage network to the Gila River. Thus, direct erosion by the river is a 

minor component of landscape denudation, but it is critical because it ultimately drives tributary and 

hillslope erosion. 

River deposits of all ages are obviously limited to areas that the river has occupied since it began to 

erode into basin deposits.  Old river terrace deposits perched high above the modern river record past 

levels of the river as it progressively downcut after river incision began in the early or middle 

Quaternary. The oldest of these terrace deposits (geologic map unit Qi1r) are found high above the 

modern river and thus predate most of the river incision (Cook et al., 2009) (Figure 5). Progressively 

lower and younger Pleistocene river terrace deposits (map units Qi2r, Qi3r) are more abundant, and 

record past river levels during the long-term trend of downcutting by the river. These terrace deposits 

record (1) periods when river incision diminished and lateral erosion was predominant; (2) periods when 
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the river switched from incision to aggradation; or (3) combinations of these phenomena, i.e., cessation 

of incision, then aggradation combined with lateral erosion, followed by renewed incision. 

The topographically lowest part of the San Pedro Valley (the “inner valley”), which contains the 

modern river channel and all of the Holocene floodplain alluvium of the San Pedro River, began to form 

in the late Pleistocene. The youngest Pleistocene river terraces that are preserved along the river (map 

unit Qi3r; Cook et al., 2009) may record one or more intervals of river aggradation that partially filled an 

inner valley that was incised as low as or lower than the modern San Pedro River. The age of the Qi3r 

deposits is not directly constrained, but stratigraphic evidence from several well-studied tributary 

valleys provides some clues to their age. Coro Marl deposits associated with long-lived springs in 4 

different tributary drainages near the San Pedro River are of particular importance (Pigati et al, 2009; 

Figure 6). Three of these sites (Lehner Ranch, Horsethief Draw, and Murray Springs) are in upper San 

Pedro Valley, and the fourth site (Cerros Negros) is located south of Mammoth in lower San Pedro 

Valley. The marl deposits are from 2 to 12 ft thick and are found at or slightly higher than the modern 

incised arroyo channels in these tributaries. They rest on tributary sand and gravel deposits in valleys 

eroded into older basin-fill deposits. Thus, the Coro Marl deposits began to accumulate in tributary 

valleys that were at levels close to the modern valley bottoms and which gradually aggraded above the 

modern levels. Based on extensive radiocarbon and luminescence dating, these deposits accumulated 

from ~50,000 to 15,000 years B.P., depending on the site (Pigati et al., 2009). Because the San Pedro 

River is the level to which each of these tributary washes is graded, the fact that tributaries had carved 

valleys as deep or deeper than the modern valleys prior to the beginning of marl deposition implies that 

the altitude of the river was as low as, or possibly lower than, the modern river bed in prior to 50,000 

years B.P.  

Marl deposition records a period when the water table was high and relatively stable, and the 

absence of erosional unconformities in these units indicates that they were deposited more or less 

continuously over tens of thousands of years (Pigati et al, 2009). This precludes substantial local incision 

during this time, because incision would have lowered the local water table and resulted in erosion of 

the marl deposits. Nearly continuous spring deposition is consistent with stable or gradually rising base 

level (e.g., Leopold and Bull, 1979), so it may be that deposits were gradually accumulating in the inner 

valley and tributary valleys during this period. Marl deposition ended at all sites shortly after 15,000 

years B.P. when the water table fell due to local incision and regional climate change (Pigati et al., 2009). 
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The topographic and stratigraphic relationships of late Quaternary deposits (including the Coro 

Marl) along several tributaries of the upper San Pedro River shed further light on the timing of river 

incision and aggradation. The age and nature of late Quaternary deposits at the Murray Springs site, 

about 2 miles upstream from the inner valley along Curry Draw (Figure 6), have been studied in great 

detail because of the presence of a Clovis mammoth-kill site that dates to about 13,000 years B.P. 

(Waters and Haynes, 1987). The channel of the modern arroyo is incised in a broad tributary valley that 

has been eroded 30 to 45 ft below planar eroded surfaces formed on St. David Formation deposits to 

the north and south (Figure 7). Historical arroyo incision exposed a complex series of late Quaternary 

deposits in this valley. At this site, the Coro Marl is about 3 ft thick and has been dated at between 

15,000 and 25,000 years B.P. The marl rests on up to 8 ft of gravel, sand, silt and clay of the Millville 

alluvium, which accumulated in the valley bottom prior to the beginning of marl deposition and thus 

must be older than 25,000 years B.P. Based on lack of success in radiocarbon dating, Waters and Haynes 

(1987) inferred that the Millville alluvium is >50,000 years B.P. Multiple intervals of latest Pleistocene 

and Holocene erosion have cut into the Millville alluvium, but the floor of the modern arroyo channel is 

very close to the level of the bottom of the Millville alluvium (Waters and Haynes, 1987). Thus, the 

general erosional form of the tributary valley was established prior to 25,000-50,000 yrs B.P., and Curry 

Draw had eroded to a level similar to the modern wash at that time.  

Two other archaeological sites provide similar insights into the depth and timing of tributary valley 

incision. The Coro Marl overlies the Millville alluvium at Horsethief Draw, just south of Curry Draw 

(Figure 6) and about 0.9 miles upstream from the inner valley. The vertical extent of the Millville 

alluvium is less well described at this location, but apparently the contact between the Millville alluvium 

and the underlying St. David Formation was at or below the maximum arroyo incision during the 

Holocene. The Coro Marl in Horsethief Draw has been dated from 15,000 to 50,000 yrs B.P. (Pigati et al., 

2009), which requires that the tributary valley was eroded to a level at or below the modern arroyo 

channel prior to 50,000 yrs B.P. A similar situation exists farther south at the Lehner Ranch site (Figure 

6), where Clovis mammoth-kill remains were discovered near the level of the modern arroyo channel 

(Haury et al., 1959). In addition, pre-Clovis mastodon remains were discovered in reddish-brown silt, 

sand and gravel of the underlying Millville alluvium (Mead et al, 1975). At this site, the Coro Marl has 

been dated at 17,000-20,000 yrs B.P. (Pigati et al, 2009), but based on a radiocarbon date from a nearby 

site, Mead et al. (1975) estimated the age of the Millville alluvium at >30,000 yrs B.P. The base of the 

Millville alluvium is below the modern depth of exposure along the arroyo (Haynes and Haury, 1982); 

thus, the tributary valley was likely graded to a river level below the modern river channel when Millville 
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deposition began > 30,000 yrs B.P. This site is particularly significant because it is only about 0.2 miles 

upstream from the inner valley along an unnamed tributary.  

Based on the evidence from tributary valleys summarized above, the San Pedro River valley bottom 

was likely lower than the modern river channel prior to 50,000 yrs B.P., when the Millville alluvium 

began to be deposited in eroded tributary valleys. The youngest Pleistocene river terrace surfaces (unit 

Qi3r; Cook et al, 2009) are 10 ft or more higher than adjacent Holocene river deposits. In most places we 

know little about the thickness of the Qi3r deposits because of lack of exposure, but locally they are at 

least tens of feet thick. The Qi3r deposits commonly contain abundant pebbles and cobbles and thus 

appear to be coarser than Holocene river deposits, although Qi3r deposits that are preserved as terraces 

may be more coarse-grained than “average” because coarser deposits are more likely to resist erosion. 

Qi3r deposits are generally equivalent in age to the Millville alluvium (late Pleistocene), and the terrace 

surfaces may record the maximum level of Millville aggradation in the river valley. In this scenario, 

Millville alluvium / Qi3r deposits filled the inner river valley from a level below the modern river channel 

to the level of Qi3r terraces over a period of tens of thousands of years, providing a stable or slowly 

rising base level for tributary streams and allowing for the accumulation of Millville alluvium and Coro 

Marl in those tributaries.  

The San Pedro River likely incised into Qi3r deposits / Millville alluvium in the latest Pleistocene, 

making space in the valley bottom for the multiple generations of Holocene deposits that currently are 

exposed there. There is clear evidence for modest incision in the tributaries in the latest Pleistocene 

(15,000 to 13,000 yrs B.P.) that contributed to the cessation of deposition of the Coro Marl (Waters and 

Haynes, 1987; Waters and Haynes, 2001; Waters, 2008; Pigati et al, 2009). In Curry Draw, this erosion 

partially removed the Millville deposits in the valley bottom, but did not result in significant incision into 

the underlying St. David Formation deposits (Waters and Haynes, 1987). From this evidence, we infer 

that the river did not erode substantially below the level of the modern channel at that time. A recent 

geological investigation near the confluence of Palominas arroyo and the San Pedro River (Figure 6) 

documented organic-rich deposits about 40-45 ft below the surface of Palominas wash prior to historical 

incision (20-25 ft lower than the modern arroyo channel). These deposits date to ~13,000 years B.P. 

(Ballenger, 2010). The altitude of the organic-rich deposits is essentially the same as the modern incised 

channel of the river, which is currently about 0.5 miles to the west. Ballenger (2010) interpreted the 

organic-rich deposits as having accumulated in a wetland on the margin of the San Pedro River, 

presumably at or near its confluence with Palominas wash. Thus, the river channel in that area in the 
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latest Pleistocene was at least as low as the modern incised river channel. Deposits interpreted to be St. 

David Formation were encountered at the bottom of one borehole about 30 ft lower than the Palominas 

arroyo channel, and Ballenger (2010) inferred that the lowest part the incised valley was as deep as 40 ft 

below the modern arroyo channel. Because this valley was graded to the nearby San Pedro River, the 

altitude the river channel prior to 13,000 yrs B.P. must have been lower than the current channel. 

Stratigraphic relationships and dating of deposits in the tributary valleys mentioned above indicate 

that the Holocene has been characterized by multiple periods of aggradation punctuated by episodes of 

downcutting. The most obvious example of this pattern is the historical period, when the San Pedro 

River and most of its tributaries switched dramatically from unincised, or discontinuously incised, 

systems in the 1800s to deeply and continuously incised channels in the late 1800s and early 1900s 

(Cooke and Reeves, 1976; Hereford, 1993; Huckleberry, 1996; Woods, 1997; Hereford and Betancourt, 

2009). River incision has been sufficient along most reaches to isolate the early historical floodplain from 

inundation in river floods, creating a new river terrace. Subsequent to initial historical river incision, the 

incised channel widened by bank erosion and multiple terrace levels have developed within the incised 

valley (Hereford, 1993; Cook et al, 2009; Hereford and Betancourt, 2009; Huckleberry et al, 2009). Most 

tributary washes have incised in response to the base-level fall of the river channel and have developed 

new alluvial fans at the margins of the incised channel. Latest Holocene tributary fan deposits (Teviston 

alluvium; Waters and Haynes, 1987) that were graded to the historical river floodplain have also been 

isolated from further inundation and deposition. 

Holocene deposits exposed at the Murray Springs site on Curry Draw have been dated and 

interpreted to indicate that there have been at least 5 prehistoric periods of incision beginning 7500 yrs 

B.P. (Waters, 2008). Each period of incision was followed by aggradation that filled the incised gully or 

arroyo and spread out over the valley floor, forming in an unincised valley bottom until the next period 

of incision occurred. A similar chronology of incision and aggradation has been reconstructed for the 

Santa Cruz River near Tucson (Waters, 2008). Although it is not clear that the incision and aggradation 

history of the San Pedro River itself is well established, researchers have inferred a similar histories of 

incision and aggradation for the river and tributary valleys (Waters and Haynes, 2001; Waters, 2008). 

The geologic and geomorphic settings of archaeological sites and features within or on top of Holocene 

San Pedro River deposits have recently been evaluated (Cook et al., 2009; Onken et al., in press 2014). 

Numerous buried sites dating to 2000 to 3000 yrs B.P. have been found within deposits mapped as Qy2r, 

but nearly all sites dating to the period  of ~1000-700 yrs B.P. have been found on the surface. This 
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implies that river floodplain aggradation was underway by 3000 yrs. B.P. and that most Qy2r deposits 

are older than 1000 yrs B.P.  

Changes in altitude of the tributary channels and presumably the river itself have been dramatic at 

times during the Holocene, but the net effect of these periods of incision and aggradation on the level of 

the river apparently has been minor. For example, in Curry Draw four of the prehistoric incision events 

cut down to similar levels as the modern arroyo, and subsequent aggradation periods filled the valley to 

similar levels. The details of past incision events and periods of aggradation on the San Pedro River itself 

are not constrained in this way, but the general situation may be similar. In that case, the river has 

accumulated sediment on its floodplain and eroded vertically and laterally into those deposits several 

times during the Holocene. There is no direct evidence that the river has downcut deeply below the 

level of the modern channel at any time in the Holocene, however. 

 

Development and Maintenance of the Bounding Topography of the Inner Valley 

The inner valley within which Holocene San Pedro River deposits are confined has been shaped by 

multiple processes in the late Pleistocene and Holocene. The inner valley is the lowest part of San Pedro 

Valley, and it includes relatively young river and tributary deposits. It is bounded laterally by hillslopes 

formed in eroded basin fill, older Pleistocene river deposits, and locally bedrock. In the subsurface, the 

inner valley presumably is cut into basin-fill deposits and bedrock. As we discussed earlier, the inner 

valley began to form in the late Pleistocene and probably reached its deepest level of incision more than 

50,000 years B.P. The form of the inner valley that we observe today has been shaped since then by 

geomorphic and geologic processes that are at times complementary and at other times are opposing. 

The important processes are (1) vertical incision and lateral erosion by the river; (2) river aggradation; 

(3) vertical incision and lateral erosion by tributaries near their confluences with the river; (4) tributary 

deposition; and (5) erosion of adjacent hillslopes. Some of these processes are closely linked, such as 

river and tributary erosion. Other processes tend to operate in opposition to one another, such as river 

and tributary erosion vs. river and tributary aggradation, and thus represent different modes of fluvial 

behavior. In this section, we consider how the interactions of these various processes have shaped the 

inner valley during the late Pleistocene and Holocene. 

Vertical incision of the river during the Quaternary period is the most fundamental process, as it has 

provided the base-level fall that has driven the erosion of San Pedro Valley and provided space for the 

inner river valley to develop. River incision has initiated incision by tributaries, and ultimately has driven 
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erosion of hillslopes throughout San Pedro Valley. Although vertical river incision has been the long-

term trend since the early to middle Quaternary, abundant evidence from the late Quaternary described 

earlier indicates that the history of river downcutting and aggradation is complex in detail. Intervals of 

river incision may be followed by periods of stability or aggradation. As has been demonstrated by the 

historical period of arroyo development, an interval of downcutting by the river is readily transmitted 

upstream along tributaries. This results in more erosion throughout the valley, which increases the 

sediment supply to the river corridor. If the power of the river is not sufficient to transport this 

increased sediment supply, then a period of river incision might be followed by aggradation. Long-term 

changes in regional climate are well-documented (e.g., Pigati et al., 2009), and these changes have 

certainly affected runoff and erosion in the watershed. The river almost certainly had a different 

hydrologic and hydraulic regime under the wetter climate of the late Pleistocene. Certain climate 

changes may have resulted in increased runoff and available stream power, which could lead to river 

incision. These same changes may have resulted in increased erosion in the watershed over a longer 

period, increasing sediment supply to the drainage system and resulting in aggradation along the 

tributaries and the river.  

Vertical river incision was required to form the inner valley, but lateral river erosion has been more 

important in shaping the inner valley. The importance of lateral river erosion is illustrated by the 

historical record of arroyo development and subsequent channel changes. When continuous incised 

channels began to form along the river in the late 1800s, vertical incision and associated headcut 

propagation were the dominant processes (Cooke and Reeves, 1976; Hereford and Betancourt, 2009). 

The incised channel subsequently widened substantially by lateral bank erosion in a series of floods 

through the mid-1900s. Rates have channel widening since that time have been much lower due to the 

wider channel (more space for the river) and more sediment in the incised channel (Hereford, 1993). In 

addition, for San Pedro River upstream of the Aravaipa Creek confluence, the 1926 flood peak was 2 to 4 

times larger than any subsequent floods (Pope et al, 1998; USGS Surface Water Data, 

http://waterdata.usgs.gov/az/nwis/sw/). The absence of any really large floods along most the river may 

also have contributed to the decrease in rates of lateral erosion. Nonetheless, the modern incised 

channel is quite sinuous along much of its length, and bank erosion continues to occur around outside 

channel bends (Figure 8). Even though most of the modern channel is incised into Holocene river or 

tributary deposits, there are many locations where the channel directly abuts bounding basin-fill or 

older river deposits (Figure 9). These examples demonstrate that lateral river erosion continues to 

modify the boundaries of the inner valley. 
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The distribution of exposed Holocene river deposits also indicates that lateral river erosion has been 

an important process shaping the bounding topography of the inner valley throughout the late 

Holocene. Along most of the margins of the inner valley, Holocene tributary deposits of varying widths 

separate Holocene river alluvium from the bounding deposits. Late Holocene river floodplain alluvium 

(unit Qy2r; Cook et al., 2009) has been deposited directly against older bounding deposits in about 60 

separate areas along the San Pedro River, however (Figure 9). In these areas, essentially all tributary 

deposits must have been removed by lateral river erosion to make space for deposition of river alluvium 

against the bounding geologic units. In the process of removing tributary deposits the bounding 

topography was almost certainly eroded as well.  

Based on these relationships, we infer that many instances of lateral river erosion trimming of 

bounding hillslopes have shaped the form of much of the inner valley throughout the Holocene. Lateral 

river erosion likely has been especially effective immediately after vertical incision, as during the 

historical period, but it may also occur as the river is aggrading after periods of incision. Although each 

instance of lateral river erosion tends trims the bounding topography perpendicular to the general trend 

of the inner valley, many instances of lateral erosion summed over thousands of years tends to form 

fairly well-defined inner valley bounding topography that parallels the general trend of the river. Some 

deviation from linearity is likely due to variations in lateral river erosion, but much of it is probably a 

function of how long it has been since the river eroded laterally at that particular place. 

Erosion by tributaries of all sizes has also modified the form of the inner valley. In fact, these 

processes have sculpted the bounding topography along virtually the entire inner valley to a lesser or 

greater degree. Vertical incision and lateral erosion by tributaries tends to carve the bounding 

topography back from the river corridor to form tributary valleys, thus making the bounding topography 

more crenulated (having an irregularly wavy or serrate outline in map view). Any sizable tributary has 

the potential to do its own lateral erosion; if lateral river erosion has not occurred at a particular reach 

for thousands of years, then lateral tributary erosion will widen tributary valleys and form increasingly 

larger crenulations in the base of the bounding inner valley topography. Vertical incision is likely 

predominant on smaller tributaries, as they respond to long-term or episodic downcutting by the river. 

Larger tributaries have more erosive power and thus have much more potential to achieve reasonably 

graded profiles and then erode their valleys laterally, so in general bounding topography is more deeply 

crenulated where they join the inner valley (Figure 10). Obviously, the erodibility of the geologic units is 

another critical factor in how effectively tributaries can modify the bounding topography (see Figure 10 

for example). As was discussed previously, lateral river erosion may contribute some amount to the 
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sinuosity of the bounding topography of the inner valley, but tributary valleys between eroded 

remnants of basin fill are predominantly formed by tributary erosion, and deposits within them are 

predominantly tributary alluvium. 

In some areas along the river, the inner valley is very wide because bounding topography has been 

extensively eroded and topographic slope breaks are far from the modern river (Figure 4). The highly 

eroded character of these areas indicates that the geologic units are very susceptible to erosion. It also 

strongly suggests that the erosional topography of the inner valley has been developing for a long time. 

The erosion of these areas began with the inception of river incision in the early to middle Pleistocene, 

but much of the eroded topography in these areas probably began to develop in the early part of the 

late Pleistocene when the river was incised to its lowest level. Since that time, tributary erosion has 

occurred intermittently, and hillslope erosion has occurred throughout the late Pleistocene and 

Holocene. Tributary valleys and broad, riverward-sloping areas are covered with laterally extensive 

Holocene tributary deposits, which are essentially large coalescing alluvial fan complexes. These young 

tributary deposits likely bury at least some of the erosional topography that has formed on the basin-fill 

deposits. High sediment supply from the surrounding hillslopes undoubtedly has contributed to this 

extensive Holocene fan deposition. The gradients on these fan complexes are sufficiently steep that the 

topographic breaks that bound them are high above the Holocene river corridor. The direct impact of 

river erosion in shaping these landscapes is not clear, and the extent of Holocene river alluvium in the 

subsurface cannot be determined from surficial geology alone. If the river were to erode laterally a 

substantial distance into these areas in the modern setting, it would have to remove a large volume of 

tributary deposits. In doing so, this would effectively be a local base-level fall for the tributary washes, 

which would drive dramatic incision upstream along the tributaries. We see no evidence that anything 

like this has occurred in the recent past, so it is unlikely that the river has made substantial lateral 

incursions into these areas during the Holocene. Because of the extensive Holocene tributary deposition 

in these areas, some of the ridges and spines that are exposed at the surface may extend farther toward 

the river in the subsurface. Thus, it is likely that the river did not directly shape the bounding topography 

by lateral erosion in these areas. 

There clearly is a relationship between the width of the inner valley, the erodibility of the bounding 

geologic units, the linearity of the bounding topography, and the known and inferred distribution of 

Holocene river deposits. Where the bounding topography is formed in bedrock or basin-fill deposits that 

are resistant to erosion, the inner valley is relatively narrow, bounding slopes are relatively steep, and 

the topographic slope breaks that form the margins of the inner valley are linear to curvilinear with 
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relatively small and narrow tributary valleys. Where the inner valley is narrow, the chance of the lateral 

river erosion impinging on the bounding units over thousands of years is high, and tributary deposits 

along the river are periodically modified or removed by river erosion. In these areas, vertical and lateral 

erosion by the river are the dominant processes that shaped the inner valley in the late Quaternary, and 

it is likely that river alluvium has been deposited in essentially every part of the inner valley sometime 

during the Holocene. Tributary erosion and deposition have been far more important processes in areas 

where the inner valley is wide and the bounding topography is highly crenulated. In these areas, the 

bounding geologic units are less resistant to erosion, and thus have been eroded both vertically and 

laterally by tributaries and to a lesser degree by hillslope erosion. In addition, Holocene tributary 

aggradation has partially or completely buried eroded topography formed on the bounding units due to 

high sediment supply from the surrounding landscape. In these areas, topographic breaks that mark the 

boundary of the inner valley are the product of several complex geomorphic processes and have not 

necessarily been formed by directly by river erosion. The form and character of the inner valley varies 

between these end-members, but the better-defined and more linear the bounding topography, the 

greater likelihood that entire width of the inner valley contains some young river deposits.  

 

Tributary Depositional Environments and Interaction with River Deposition and Erosion 

River and tributary deposition in the inner valley involves interactions between tributary and river 

sediment supply, stream power to transport sediment, and changing river channel morphology and 

position in the inner valley. Tributaries of all sizes have deposited alluvial fans in the inner valley. There 

is abundant evidence in the historical aerial photo record (the past ~80 years) that interactions between 

these fans and river erosion and deposition are dynamic. Large river floods have eroded river and 

tributary deposits, and have trimmed or removed tributary alluvial fans built out onto the floodplain. 

Lateral river erosion into tributary deposits also occurs during more modest flow events. Tributary 

washes transport abundant sediment into the inner valley when they flood, building fans onto river 

deposits and encroaching onto the river floodplain or channel. Floods on the river and its tributaries are 

typically not synchronous, which results in complex temporal and spatial patterns of decrease and 

increase in the areas of tributary fan deposition in the inner valley (see Figure 11 for example).  

Changes in river mode have also impacted the distribution of tributary and river alluvium in the 

inner valley. In the historical period, major shifts in the distribution of tributary and river deposits 

occurred as a result of arroyo development on the river and adjacent tributaries. Extensive tributary 

alluvial fans on the margins of the river floodplain have been isolated from further deposition due to 



15 
 

channel incision, and tributary deposits have been transported farther into the axis of the inner valley to 

the incised modern river floodplain (Figure 10). Thus, changes between river aggradation and incision 

dramatically impact the distribution of tributary and river deposits through time, and it is reasonable to 

presume that changes such as these have occurred several times previously in the Holocene (Waters, 

2008).  

Stratigraphic exposures along incised tributary channels in areas that formerly were active tributary 

alluvial fans provide abundant evidence for interaction between tributary and river deposition through 

the middle and late Holocene. Beds of tributary gravel deposits are commonly found between beds of 

finer-grained deposits, which are probably river floodplain deposits (Cook et al, 2014). In nearly all of 

these areas, tributary sand and gravel deposits that were deposited along the margin of the river 

floodplain prior to historical river and tributary incision cap the exposures. These sequences of fine- and 

coarse-grained deposits record tributary and river aggradation on the flanks of the inner valley, and 

likely accumulated when both the river and tributary fluvial systems were aggrading. River aggradation 

in the inner valley causes local base-level rise for the tributaries where they join the river floodplain, 

which encourages tributary fan deposition. This is the situation that existed along most tributaries prior 

to historical river incision.  

Exposures along Palominas arroyo reveal that the river channel occupied a position near the eastern 

margin of the inner valley, about 0.5 miles east of the modern river channel, in the middle Holocene. In 

this area, almost the entire area between the edge of the inner valley and the river channel is covered 

by the young Palominas alluvial fan (Figure 12). An approximately north-south oriented paleochannel 

filled with pebbles and cobbles of a variety of lithologies is exposed on the right (north) bank of the 

arroyo at the margin of the inner valley (Figure 13). The orientation of the channel is roughly parallel to 

the trend of the inner valley, and it is cut into somewhat older tributary and possibly river deposits. We 

interpret this feature to be a paleochannel of the San Pedro River that was eroded into tributary 

deposits and filled with river deposits during a period of river aggradation during the Holocene. Farther 

upstream along the arroyo at approximately the same stratigraphic level, Ballenger (2010) dated 

archaeological features at 4,500 and 3,500 yrs B.P. These dates provide a rough estimate for the age of 

the paleochannel. We conclude that the San Pedro River channel was at the eastern margin of the inner 

valley a few thousand years ago, and the Palominas fan has encroached substantially onto the floodplain 

since that time. Thus, the entire inner valley that is currently covered by Palominas fan deposits has 

been occupied by the river sometime in the past few thousand years.  
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Changes in climate over thousands to tens of thousands of years have also influenced trends in 

tributary and river deposition. Beginning in the early late Pleistocene, the river incised below the level of 

the modern channel, then gradually aggraded to a level above the Holocene floodplain ~15,000 years 

B.P. The river then incised to a level at or below the modern channel at the end of the Pleistocene, and 

this latest Pleistocene inner valley has partially filled with Holocene deposits. The incision in the latest 

Pleistocene, at least, coincides with the transition from glacial to interglacial climate and changing 

vegetation patterns (Pigati et al., 2009). This complicated history has undoubtedly resulted in the 

formation of a complex 3-dimensional pattern of river and tributary deposition in the inner valley. Thus, 

the extent of tributary and river alluvium in the inner valley mapped in any short interval (e.g., Cook et 

al., 2009) is geologic snap-shot, subject to change over decades to millennia. 

Tributary fluvial systems that have contributed deposits to the inner valley range greatly in size, 

from hillslopes and tiny gullies draining bedrock or basin-fill bluffs adjacent to the river, to large 

tributaries that head in mountain ranges that fringe the valley. For purposes of this discussion, we 

subdivide these systems into hillslopes and very small catchments that drain directly to the inner valley, 

small tributaries, and large tributaries. These subdivisions generally reflect the volume of sediment 

supplied to the inner valley by these systems. The persistence of these features, and their susceptibility 

to removal by lateral river erosion, is very much dependent on the size of the tributary and the width of 

the inner valley. 

Hillslopes and very small catchments feed water and sediment directly to the inner valley where the 

bounding topography is well-defined and close to the river. In these areas, tributary deposits commonly 

form narrow fringes along the margins of the inner valley, either as very small, steep alluvial fans or 

fairly planar aprons of young sediment at the toes of bounding hillslopes (Figure 14). These tributary 

deposits typically have been eroded from basin-fill deposits immediately upslope. Because the inner 

valley is narrow and the bounding topography is well-defined, young tributary deposits are quite 

vulnerable to removal by lateral river erosion. As was discussed previously, there are many examples 

where essentially no tributary deposits are preserved at the junction of the inner valley and the 

bounding topography, indicating that river erosion has removed them. Thus, these narrow tributary 

“aprons” are transient geologic features. They are removed by lateral river erosion, but begin to 

accumulate again on top of river deposits when the river migrates away from the bounding topography. 

Small tributaries have deposited relatively small alluvial fans on the margins of the river floodplain, 

and the floors of tributary valleys commonly are covered with young tributary deposits (Cook et al., 

2009). Some small tributaries have linked directly to the incised modern river channel, in which case 
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modern tributary deposition has migrated to the margin of the modern river channel; others have not 

incised and continue to deposit fans on the margin of the early historical river floodplain (Figure 10). 

Prior to the past 100 years or so, all of these tributaries were graded to the stable or slowly aggrading 

river floodplain. Even with historical arroyo development, the modern river channel is probably still 

higher than the lowest level of late Pleistocene river erosion in most reaches. This net river aggradation 

likely drove tributaries to aggrade near their confluences with the river and partially back-fill valleys that 

initially formed when the river channel was at its lowest (see Figure 10). Thus, the young tributary 

deposits that have accumulated in these valleys mantle some amount of erosional topography on the 

bounding geologic units. Because small tributary fans have formed all along the river corridor, the 

potential for them to be removed by river erosion depends on the form and width of the inner valley. In 

areas where the bounding topography is linear and the inner valley is narrow, small tributary fans 

almost certainly have been subject to temporary removal by lateral river erosion during the past 10,000 

years. After they are eroded away, tributaries soon begin to build new fans out over young river 

deposits when the river migrates away from the tributary mouth. In areas where the bounding 

topography is eroded well back from the river and is crenulated, tributary deposits in the inner valley 

are far less likely to have been removed by river erosion. 

Larger tributaries transport larger amounts of sediment, and many have deposited large, well-

defined individual alluvial fans and fan complexes into the inner valley. Because they are large features, 

substantial lateral river erosion is required to significantly alter or remove them. For that reason, they 

might be considered to be more permanent features in the inner valley. However, because these fans 

are large features, they typically protrude well out into the inner valley, which makes them more subject 

to river erosion. Large fans are also demonstrably dynamic features in the historical record, as they 

occasionally experience large floods and transport abundant sediment in these floods. In the absence of 

large river floods or persistent lateral river erosion, large tributaries have the potential to prograde 

rapidly over areas that were formerly part of the river floodplain. In the example of Tucson Wash near 

Mammoth (Figure 11), the large tributary fan had been trimmed by river erosion recently before 1936, 

the earliest aerial photo date, most likely in the flood of 1926. By 1992, the fan had prograded ~550 ft 

over the former floodplain, forcing the river channel to the northeast. By 2013, the fan had prograded 

~825 ft, continuing to move the river to the northeast.  

In areas where the inner valley is relatively narrow and well-defined topographically, it is likely that 

even large tributary fans can be eroded and those areas temporarily incorporated into the river channel 

or floodplain. The confluence of Alder Wash, Kielberg Canyon, and the San Pedro River in lower San 
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Pedro Valley illustrates the dynamic nature of tributary fan and river interaction (Figure 15). Both Alder 

and Kielberg washes are relatively large, heading in the Santa Catalina and Galiuro Mountains, 

respectively, and they join the river at essentially the same location. Alder Wash deposited a moderately 

large fan onto the western margin of the pre-incision river floodplain. The river bends to the east, north 

and west around this fan and the former floodplain. A very small active fan is exists on the east side of 

the river at the Kielberg Wash confluence – there is essentially no space for such a fan to accumulate. 

This relationship has been similar throughout the historical photo record, with minor bank erosion. 

Given that Kielberg Wash has a large drainage area, it very likely that this is a temporary situation, and 

eventually Kielberg Wash will rebuild its alluvial fan in a large flood and that will force the river channel 

back to the west. In addition, continued lateral erosion around the outside river bends will tend to erode 

into the Alder fan and provide additional space for the Kielberg fan as menaders migrate downstream. 

When this occurs, part of what is now the Alder fan will become part of the river floodplain, and part of 

the river floodplain will become part of Kielberg fan.  

In areas where the inner valley is wide, it is likely that large tributary fans are more permanent 

features that are only subject to some modification near the river. Fans in these settings are relatively 

large, and their apexes are located far from and substantially higher than the river. Prior to historical 

river incision, the slopes of these large fans typically transitioned almost imperceptibly onto the river 

floodplain. There is certainly some unknown amount of interfingering of fan and river deposits in the 

subsurface in these areas, but the lateral extent cannot be readily determined from the geomorphology. 

While some amount of erosion of fan toes by the river would be expected over thousands of years, it is 

highly unlikely that these entire features could be modified by river erosion and deposition, and thus 

incorporated into the river floodplain. The Palominas Wash area discussed previously illustrates, 

however, that even in areas where the inner valley is moderately wide and tributary fans are fairly large, 

the distribution of river and fan deposits may change dramatically over thousands of years. 
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Figure 1. Location map for the San Pedro Valley. The river is within the light-colored corridor from the 
U.S. – Mexico border to the Gila River confluence; the paths of Babocomari River and Aravaipa Creek are 
also outlined. Labels identify the Huachuca (HM),  Mule (MM), Whetstone (WM), Dragoon (DM), Little 
Rincon (LRM), Rincon (RM),  Santa Catalina (SCM), Galiuro (GM), and Tortilla (TM) mountain ranges.  
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Figure 2. A portion of the Depth-to-Bedrock Map of Arizona (Richard et al, 2007) covering the San Pedro 
Valley. Contours are in feet below the surface. Each of the labeled lows was certainly filling with 
sediment from surrounding mountain ranges for most of the past 20 million years. Bold dashed lines 
show inferred surface drainages that linked the Hereford and Tres Alamos depocenters in the middle 
Pliocene (Lindsay et al, 1990), and the Redington area drained north to the Mammoth depocenter 
throughout the Pliocene (Dickinson, 2003), prior to incision of the modern San Pedro River. 

 



4 
 

 

 
 
Figure 3. Relatively high, old surface remnants near the axis of upper San Pedro Valley that may 
approximate the pre-incision valley floor. Sites are labeled in feet above sea level. View is oblique from 
the U.S. – Mexico border to Benson. Base image from Google Earth. 
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Figure 4. Inner valley morphology. (A) highly eroded basin-fill deposits and wide inner valley just north of 
Benson. (B) relatively narrow and well-defined inner valley south of Mammoth. Base images from 
Google Earth.   
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Figure 5. Schematic topographic cross-section showing Holocene and Pleistocene river deposits and 
terraces. Base of deposits shown in subsurface is uncertain. Modified from Cook et al (2009). 
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Figure 6. Locations of sites along tributaries of the San Pedro River with dated late Pleistocene deposits 
referred to in the text. View is oblique to the north from the U.S. – Mexico border to the Mammoth 
area. Base image from Google Earth. 
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Figure 7. Diagram of late Quaternary stratigraphy exposed in Curry Draw. Deposits of the St. David 
Formation underlie the valley. The late Pleistocene Millville alluvium and Coro Marl accumulated in a 
valley that was as deep as, but much wider than, the modern valley. This valley was eroded into basin-fill 
deposits of the St. David Formation. Waters and Haynes (2001) found evidence for 6 periods of arroyo 
formation and subsequent back-filling of the valley between 7500 years B.P. and the present, and 5 of 
these arroyos cut down to levels very similar to the modern arroyo. Figure modified from Waters and 
Haynes (2001). 
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Figure 8. An example of progressive bank erosion around an outside river bend and other channel 
changes in the Dudleyville area, lower San Pedro Valley. The solid line is the approximate width of the 
channel in 1935, about 1400 ft; the dashed line is the location of the channel margin in 1935. Both are in 
the same location on the 1955 and 1984 images.  
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Figure 9. Examples of Holocene river alluvium abutting bounding geologic unit, from geologic strip map 
of reach north of Mammoth (Cook et al, 2009). Red arrows indicate locations where the active river 
channel is directly against the bounding basin-fill deposits. Black arrows indicate locations where late 
Holocene river alluvium is deposited directly against the bounding unit. 
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Figure 10. Geologic map of the confluence of Soza Wash with the San Pedro River (Cook et al, 2009). 
Soza Wash is a large tributary, and it has eroded a wide and long valley into basin-fill deposits (margins 
highlighted by black arrows with dashed lines). The floor of the tributary valley is covered with Holocene 
and late Pleistocene (Qi3) deposits.  Some much smaller valleys eroded by tributaries are highlighted by 
red arrows. Prior to historical river incision, Soza Wash deposited a large alluvial fan onto the margin of 
the river floodplain. The post-incision Soza fan is much smaller and closer to the center of the inner 
valley. The alluvial fans associated with the small drainages highlighted by red arrows are not incised, 
because of limited tributary discharge and the fact that the incised river channel is on the opposite side 
of the inner valley. The floors of these valleys are covered by Holocene tributary deposits. Soza Canyon, 
which enters the San Pedro River from the west, is also a large tributary. It has carved a narrow valley, 
however, because the deposits on the west side of the river are older, coarser, and more indurated. 
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Figure 11. Sequence of aerial photos of the Tucson Wash – San Pedro River confluence illustrate the 
dynamic interaction between river floods and tributary floods. White dashed lines illustrate the 
approximate boundary between river and tributary deposits at each photo date. The large river flood of 
1926 substantially eroded the Tucson Wash fan, which was still evident in 1935. By 1955, Tucson Wash 
alluvial fan had prograded over the former river channel. This trend has continued to the present, as the 
Tucson Wash fan has forced the river channel to the east and has covered most of the 1926 flood 
channel. North is up. Base imagery from the Soil Conservation Service (1935), Army Map Service (1955), 
Google Earth (1992), and National Agricultural Imagery Program (2103). 
  



13 
 

 
 
Figure 12. Geologic map of the Palominas arroyo – San Pedro River confluence (Cook et al, 2009). 
Dashed lines outline the late Holocene Palominas alluvial fan. River paleochannels are exposed along 
Palominas arroyo very near the bounding topography formed in St. David Formation and Pleistocene 
alluvial fan deposits. Sites where cores were collected and interpreted by Ballenger (2010) are shown. 
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Figure 13. Interpretation of a stratigraphic exposure of a paleochannel of the San Pedro River along 
Palominas arroyo. View is looking NE, approximately perpendicular to the modern Palominas arroyo and 
parallel with the trend of the paleochannel and the inner valley margin. 
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Figure 14. Black arrows point to areas where only a thin apron of young deposits separates the bounding 
geologic units on the west side of the inner valley from Holocene river alluvium. Holocene tributary 
deposits are completely absent in places where Holocene river alluvium abuts basin-fill deposits. 
Geologic map from Cook et al (2009). 
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Figure 15. Confluence of Alder Wash, Kielberg Canyon, and the San Pedro River illustrating fan and river 
dynamics. Because of its location relative to river meanders, the Alder Wash alluvial fan and adjacent 
young river terrace deposits have persisted through the historical aerial photo record. The Kielberg 
Canyon alluvial fan has been persistently trimmed by river erosion, beginning prior to the historical 
photo record. White arrows point to areas where minor lateral erosion has occurred on outside 
meander bends. Continued lateral river erosion may trim the Alder Wash fan, and possibly will provide 
more space for deposition of a Kielberg Canyon fan. Base imagery is from the Soil Conservation Service 
(1935) and the National Agricultural Imagery Program (2013). 
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In late 2013 the Arizona Geological Survey (AZGS) partnered with the Arizona 

Department of Water Resources (ADWR) to investigate sedimentary relationships at 

numerous sites along the San Pedro River in southeastern Arizona. AZGS conducted 

surficial geologic mapping along the San Pedro River, Aravaipa Creek, and the 

Babocomari River in 2007. This document includes a brief summary and description of 

sites along the San Pedro River visited by AZGS geologists in late 2013 and early 2014. 

A list was developed of thirty-nine (39) candidate sites along the San Pedro River from 

near the U.S./Mexico border to nearly the confluence with the Gila River at Winkleman, 

AZ. Most sites are located in incised arroyos tributary to the San Pedro River but some 

may be in the active channel of the San Pedro as well. Of these 39 sites, eight (8) were 

inaccessible due to private property or other access issues, and nine (9) were not 

incised deeply enough to provide exposures of sedimentary relationships between 

Holocene river and tributary alluvium.  

Exposures at twenty-two (22) sites demonstrated overlapping and/or interfingering 

alluvial relationships. Of these 22 sites, five (5) exposures were located along the San 

Pedro River and seventeen (17) were located within tributary channels.  Of the 17 sites 

located in incised tributary channels, four (4) showed deposits potentially consistent with 

either Holocene San Pedro River floodplain deposition or tributary reworking of fine 

grained basin fill alluvium. One was disturbed by human activity and the remaining 

twelve (12) appear to provide direct evidence that Holocene San Pedro alluvium 

extends farther away from the modern river channel in the subsurface than is depicted 

on AZGS surficial geologic maps. 

Site locations are described using approximate ADWR-supplied river mile and 

directional information (i.e. SPR 69.5E denotes a site located on the east side of the 

San Pedro River at approximately mile 69.5). Photos taken at sites have been 

geotagged site locations are depicted on map figures in this document as red dots. 

Information regarding routes used to access each location is included for each site. If 

observations were made at a site, a brief description of the exposed sediment is 

provided followed by a stratigraphic interpretation of the exposed sedimentary 

relationships. 

All surficial geologic map figures included in this report include geologic contacts and 

map units derived from AZGS DM-RM-1 (Cook et al., 2009) overlain on 2013, 1 meter 

resolution National Agricultural Imagery Program (NAIP) aerial imagery (USDA-FSA-

APFO, 2013). Geologic unit descriptions for surficial and bedrock units appearing in 

figures are available in AZGS DM-RM-1. 
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Site 1 

Potential Exposure within Palominas Arroyo 

San Pedro River mile marker 153 east 

 

Site Location and Description 

Palominas Arroyo exits confinement from rolling basin fill (QTsd) hills to the east, 

flowing west toward the San Pedro River at river mile 153 south (upstream) of Highway 

92. A thin, broad, nearly semicircular fan (Qy2) was deposited prior to historical incision 

of Palominas Arroyo driven by the downcutting of the San Pedro River. Arroyo walls 

exceed 15-20 ft tall in places. Recent archaeological studies in Palominas Arroyo 

(Ballenger, 2010) suggest all exposed sediment in the arroyo walls was deposited in the 

Holocene. Where Palominas Arroyo bends to the west (red dot on figure above) San 

Pedro River gravels and channel sediments are exposed. Because this location 

corresponds with the topographic surface expression of nearby basin fill deposits which 

predate the Holocene San Pedro River it is likely this exposure offers the best known 

example of otherwise buried Holocene San Pedro channel deposits adjacent to basin fill 

bluffs outside the modern channel. 
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Site Access 

Palominas Arroyo is accessible where it crosses S Paloma Trail and from a San Pedro 

Riparian National Conservation Area (SPRNCA) parking lot just northeast of the red dot 

in the figure above. Observations regarding this site are presented on the following 

pages. 
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Site 1 

Photo SPR153E_A 

Exposure within Palominas Arroyo 

San Pedro River mile marker 153 east 
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Site 1 

Photo SPR153E_B 

Exposure within Palominas Arroyo 

San Pedro River mile marker 153 east 

 

Description of Tributary Arroyo Exposures 

A coarse, poorly sorted sand and angular to sub-angular gravel layer is exposed at the top of the Palominas Arroyo 

exposure. This base of this layer is in sharp erosional contact with underlying well-sorted, consolidated, fine to medium 

sand. Alternating layers of unconsolidated coarse sand with interbedded pebbles and gravel, fine reddened consolidated 

silts with thin clay films on blocky soil structure faces, and thin sub-rounded cobble beds are deposited above a broad 

erosional contact lined with rounded cobbles. The cobble-lined erosional unconformity cuts fine sandy to silty beds with 

abundant, well-cemented carbonate nodules up to several inches in diameter, moderately well-sorted, consolidated to 

poorly consolidated sandy deposits, and a second fine-grained, well-consolidated calcium carbonate nodule-rich deposit 

exposed at the base of the arroyo wall. The panoramic photo includes a broader view of cross cutting, erosional, and 

depositional sedimentary relationships exposed in the northern wall of Palominas Arroyo. Extensive beds of poorly to 

moderately sorted sand and gravel deposits overlie thick lenses of well-rounded and lithologically diverse pebbles and
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small cobbles. Two distinct beds of carbonate nodule-rich sandy to silty alluvium are 

exposed upstream in arroyo walls as far as an abrupt incised tributary arroyo channel 

cut. 

Stratigraphic Interpretation 

The prominent sloping, cobble-lined, erosional unconformity exposed in the arroyo wall 

is interpreted as the base of a large paleochannel of the San Pedro River. Deposits 

immediately above this contact are interpreted as San Pedro River deposits. The finer 

grained portion of the San Pedro deposit is characterized by well sorted, medium to 

dark brown fine grained sandy beds, buried soils, and laminated fine sandy interbeds. 

Following deposition of river alluvium by the San Pedro, a thin cover of tributary fan 

alluvium was deposited on top. This deposit consists of lighter brown, poorly sorted 

sand and gravel including angular to sub-angular clasts. This thin fan cover extends far 

to the west, nearly to the modern San Pedro River channel. Well cemented layers 

exhibiting multiple horizons of calcium carbonate nodule formation are cut by the San 

Pedro channel. These indurated layers may be a topographic high of underlying basin 

fill deposits or an older, possibly Pleistocene, tributary or river deposit. Isolated lenses 

of well-rounded pebbles and cobbles within more poorly sorted, angular clast-bearing 

alluvium below the upper carbonate-rich layer indicate interfingering deposition of San 

Pedro River and tributary alluvium occurred here in the past. Because these pebble and 

cobble lenses are stratigraphically below the upper carbonate nodule-rich layer which is 

cut by a large San Pedro paleochannel they must be older than the prominent 

paleochannel. San Pedro Channel deposits pinch out immediately upstream of this 

location; therefore these deposits appear to represent the maximum lateral extent of 

Holocene San Pedro River deposits exposed at the surface in Palominas Arroyo. It 

seems clear the Holocene San Pedro eroded into older deposits as far from the modern 

channel as the topographic expression of basin fill bluffs lining the east side of the 

modern San Pedro trough. Today the river is incised into its own Holocene floodplain 

deposits but earlier in the Holocene the active channel carved a path through basin fill 

alluvium at this location. Recent archaeological studies (Ballenger, 2010) indicate all 

exposed sediment in Palominas Arroyo may be Holocene in age. Holocene San Pedro 

deposits exposed in Palominas Arroyo are located as much as 2,200 ft outside mapped 

Holocene river deposits on AZGS surficial maps.
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Site 2 

Potential Exposure within Spring Creek 

San Pedro River mile marker 148.5 east 

 

Site Location and Description 

Spring Creek enters the San Pedro River from the east at river mile 148.5 (location of 

red dot). The arroyo was not well incised, exposing only the uppermost few feet of 

tributary alluvium. No exposures of underlying sedimentary relationships were 

observed. No observations were made at this location due to lack of exposure. 

Site Access 

Spring Creek was accessed from where the arroyo passes beneath S Hereford Rd. The 

arroyo was traversed from the road to the San Pedro River but no suitable exposures 

were encountered. 
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Site 3 and 4 

Potential Exposure at the base of a Holocene tributary fan (site 3) near the E 

Hereford Rd bridge and within an unnamed arroyo (site 4) and 

San Pedro River mile marker 148 west and east, site 3 and 4 respectively 

 

Site Location and Description 

The arroyo entering the San Pedro River from the east side and the broad fan deposited 

nearly to the San Pedro at E Hereford Rd on the west side near river mile 148 (location 

of red dots) did not provide good exposures of underlying sedimentary relationships. 

The arroyo was not well incised and the broad fan was largely unincised and covered by 

thick vegetation near the river. No observations were made at these locations due to 

lack of exposure. 

Site Access 

The unnamed arroyo on the east side of the San Pedro was accessed from S Hereford 

Rd and traversed beyond the mapped tributary fan boundary. The base of the tributary 

fan near the E Hereford Rd bridge was accessed from a parking area immediately south 

of the road near the bridge. No suitable exposures were encountered at either location. 
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Site 5 

Potential Exposure within an unnamed tributary channel 

San Pedro River mile marker 147 east 

 

Site Location and Description 

The arroyo entering the San Pedro River from the east side near river mile 147 (location 

of red dot) was not well incised and offered no exposure of more deeply buried 

sedimentary relationships. No observations were made at this location due to lack of 

exposure. 

Site Access 

This arroyo was accessed from the historic railroad bed running north-south along the 

east side of the San Pedro River at this location. 
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Site 6 

Potential Exposure within an unnamed tributary channel 

San Pedro River mile marker 143 west 

 

Site Location and Description 

This site is located within SPRNCA boundaries. Small incised arroyos exiting well-

eroded basin fill (QTsd) deposits along the west side of the San Pedro River have 

deposited broad splays of tributary (Qy2 and Qys) alluvium dominantly composed of 

reworked basin fill sediment. Where the arroyos are sufficiently incised, an interfingering 

depositional relationship between Holocene tributary (Qy2 and Qys deposits) and San 

Pedro floodplain (Qy2r deposits) alluvium is exposed (location of red dot in above 

figure). 

Site Access 

This arroyo was accessed from a former ranch road on the west side of the river within 

the SPRNCA now called the San Pedro Trail. Observations regarding this site are 

presented on the following pages.  
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Site 6 

Photo SPR143W  

Exposure within an unnamed tributary channel 

San Pedro River mile marker 143 west 

 

Description of Tributary Arroyo Exposures 

Note trowel located right of center, at contact for scale. Light brown, poorly sorted sandy 

to pebbly Holocene alluvium overlies well sorted, medium brown, consolidated, fine 

sandy to silty deposits exhibiting a banded appearance (soil development). Upper 

alluvium contains abundant calcium carbonate nodules identical to those found in basin 

fill hills to the west. Some of these nodules are evident in the lower left corner of the 

photo in the modern tributary channel.  
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Stratigraphic Interpretation 

The poorly sorted alluvium containing calcium carbonate nodules is interpreted as 

tributary alluvium composed mainly of reworked basin fill sediments. This deposit 

overlies a much better sorted, fine-grained deposit consistent with floodplain deposition 

by the San Pedro River. These exposures of fine grained floodplain alluvium are located 

up to 300 ft outside the mapped boundary of Holocene river alluvium on AZGS surficial 

maps. These fine-grained San Pedro deposits become buried a short distance 

upstream and are no longer exposed in the arroyo wall so the maximum lateral extent of 

these deposits is not visible. 
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Site 7 

Potential Exposure within an unnamed tributary channel 

San Pedro River mile marker 141.5 west 

 

Site Location and Description 

This site is located within SPRNCA boundaries. Small incised arroyos exiting well-

eroded basin fill (QTsd) deposits along the west side of the San Pedro River have 

deposited broad splays of tributary (Qy2 and Qys) alluvium dominantly composed of 

reworked basin fill sediment. Where the arroyos are sufficiently incised, an interfingering 

depositional relationship between Holocene tributary (Qy2 and Qys deposits) and San 

Pedro floodplain (Qy2r deposits) alluvium is exposed (location of red dot in above 

figure). 

Site Access 

This arroyo was accessed from a former ranch road on the west side of the river within 

the SPRNCA now called the San Pedro Trail. Observations regarding this site are 

presented on the following pages.  
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Site 7 

Photo SPR141.5W  

Exposure within an unnamed tributary channel 

San Pedro River mile marker 141.5 west 

 

Description of Tributary Arroyo Exposures 

Poorly sorted sandy to gravelly, latest Holocene to historical deposits overlie well-

sorted, fine sand to silt dominated deposits. The upper poorly sorted alluvium exhibits 

angular to sub angular clasts and an abundance of calcium carbonate nodules identical 

to those found in well-eroded basin fill deposits to the west (upstream of this portion of 

the tributary channel). The underlying alluvium is much finer grained, consisting of silt to 

fine sand and exhibits soil development.  
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Stratigraphic Interpretation 

The poorly sorted alluvium containing angular clasts and abundant calcium carbonate 

nodules is interpreted to be tributary alluvium dominantly composed of reworked basin 

fill sediment. These tributary deposits overlie a much better sorted, fine-grained deposit 

consistent with floodplain deposition by the San Pedro River. The gray soil layers in the 

floodplain alluvium are apparent in other exposures of San Pedro floodplain and 

channel deposits to the south (Site 6) and may reflect a period of regional landscape 

stability along the San Pedro River prior to burial by progradation of tributary alluvial 

fans. These exposures of fine grained floodplain alluvium are located up to 175 ft 

outside the mapped boundary of Holocene river alluvium on AZGS surficial maps. 

These fine-grained San Pedro deposits become buried a short distance upstream and 

are no longer exposed in the arroyo wall so the maximum lateral extent of these 

deposits is not visible. 
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Site 8 and 9 

Potential Exposure within unnamed tributary channels 

San Pedro River mile marker 140 west and 140.5 east, site 8 and 9 respectively 

 

Site Location and Description 

Small incised arroyos enter the San Pedro River from both sides near river mile 140 

(location of red dots). Incision along the west side arroyo (site 8) was insufficient to 

expose sedimentary relationships between tributary drainage and San Pedro River 

alluvium. The only means of access to the arroyo on the east side (site 9) was miles of 

old railroad bed inaccessible to vehicles. No observations were made at either of these 

locations due to lack of exposure and difficulty of access. 

Site Access 

This arroyo on the west side of the San Pedro at mile 140.5 (site 8) was accessed from 

a former ranch road on the west side of the river within the SPRNCA now called the San 

Pedro Trail. The arroyo on the east side of the San Pedro at mile 140 (site 9) was not 

accessed due to remoteness and difficulty of access along the east side of the river at 

this location. 
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Site 10 

Potential Exposure within an unnamed tributary channel 

San Pedro River mile marker 136 east 

 

Site Location and Description 

A large incised tributary drainage joins the San Pedro River from the east near river mile 

136 (location of red dot). Incision along the arroyo was insufficient to expose 

sedimentary relationships between tributary and river deposits. Only tributary deposits 

are exposed in arroyo walls. No observations were made at this location due to lack of 

exposure. 

Site Access 

This arroyo was accessed from the historic railroad bed running north-south along the 

east side of the San Pedro River at this location. 
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Site 11 

Potential Exposure within Walnut Gulch 

San Pedro River mile marker 121.5 east 

 

Site Location and Description 

Lower Walnut Gulch enters the San Pedro River Valley from the east at San Pedro 

River mile 121.5. Farther upstream in Walnut Gulch the tributary channel is confined 

between high standing basin fill (QTsf) bluffs. As it nears the San Pedro River Walnut 

Gulch becomes unconfined relative to its upstream reaches. The confining basin fill 

bluffs have been eroded away resulting in a broad, low-relief deposit of tributary (Qy2 

and Qy2f) alluvium sloping toward the San Pedro River to the west. Sedimentary 

relationships are exposed in the southern wall of Walnut Gulch at the location of the red 

dot in the figure above. 

Site Access 

This site was accessed from a parking area near Fairbank, AZ on the south side of 

Highway 82. Observations regarding this site are presented on the following pages.  
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Site 11 

Photo SPR121.5E  

Exposure within Walnut Gulch 

San Pedro River mile marker 121.5 east 

 

Description of Tributary Arroyo Exposures 

Incision along lower Walnut Gulch has exposed alternating beds of poorly sorted, 

angular to sub angular clast-bearing alluvium and finer-grained, well-sorted, sandy to 

silty alluvium. Erosion of tributary channel walls at outside channel bends and recent 

bank collapse has provided excellent exposures of alluvial deposits at this location. 

Stratigraphic Interpretation 

The poorly sorted beds strongly resemble modern tributary channel bedload in Walnut 

Gulch. For this reason these deposits are interpreted to be derived from deposition by 

Walnut Gulch. The well sorted, finer-grained beds resemble deposits commonly 
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associated with Holocene San Pedro River floodplain deposition. It is also possible that 

the fine grained beds may be attributed to reworking of fine grained basin fill alluvium by 

Walnut Gulch. Because either mode of deposition could result in fine-grained deposition 

at this location, the origin of the fine grained layers cannot be conclusively determined 

based on field examination of these exposures. 
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Site 12 

Potential Exposure within Willow Wash 

San Pedro River mile marker 119 east 

 

Site Location and Description 

Willow Wash enters the San Pedro just upstream of river mile 119 (location of red dot). 

Incision along this arroyo has exposed bedrock in the channel bottom and multiple 

tributary alluvial deposits. No observations were made at this location due to a lack of 

exposure of San Pedro and tributary sedimentary relationships at the surface. 

Site Access 

This site was accesses by foot trail originating near Fairbank, AZ near Highway 82 to 

the south. 
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Site 13 

Potential Exposure within California Wash 

San Pedro River mile marker 112 west 

 

Site Location and Description 

This site is located near the northern boundary of the SPRNCA. A deeply incised 

tributary, California Wash, joins the San Pedro from the west near river mile 112. 

California Wash cuts through various Holocene tributary (Qy1, Qys, and Qy2) deposits 

inset between tall eroding basin fill (QTsl) bluffs. Some better-preserved basin fill 

deposits are capped by high-standing Pleistocene San Pedro River cobbles (Qi1r and 

Qi2r). California Wash carves a sinuous course to the San Pedro River, exposing 

interfingering Holocene tributary and San Pedro River floodplain (Qy2r) alluvium in 

channel walls (location of red dot on the west side of the San Pedro). 

Site Access 

This site was accesses from the old railroad grade running along the west side of the 

San Pedro River. Observations regarding this site are presented on the following pages.  
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Site 13 

Photo SPR112W  

Exposure within California Wash 

San Pedro River mile marker 112 west 

 

Description of Tributary Arroyo Exposures 

Vertical channel walls of California Wash expose alternating beds of poorly sorted 

sandy to gravelly laminar and cross bedded sediment and well-sorted fine grained 

alluvium. The exposed sequence is aggradational but the base of some deposits exhibit 

erosion into underlying deposits. Mild to moderate buried soils are present in the finer 

grained deposits indicating a period of landscape stability. Elsewhere in California Wash 

possible archaeological material (a buried hearth) includes charcoal that could be used 

for age constraint of the deposit.  
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Stratigraphic Interpretation 

The poorly sorted beds containing angular to sub angular clasts are interpreted to be 

tributary alluvial deposits while the well-sorted, fine-grained alluvium strongly resembles 

floodplain deposits exposed in the channel walls of the San Pedro to the east. The 

uppermost layer at the top of the sequence exhibits little to no soil development and 

appears to have been deposited recently, probably in historical times prior to 

widespread incision along the San Pedro River. Deposits exposed along California 

Wash record alternating deposition of Holocene tributary and San Pedro River alluvium 

prior to deposition of young prograding tributary fan alluvium at the surface (uppermost 

unit). These exposures of Holocene San Pedro River alluvium are located up to 275 ft 

outside mapped deposits of Holocene river alluvium on AZGS surficial geologic maps.  
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Site 14 

Potential Exposure within Clifford Wash 

San Pedro River mile marker 112 east 

 

Site Location and Description 

Clifford Wash is a large incised tributary wash that joins the San Pedro River a few 

miles south of St David, AZ. Clifford Wash has deposited a broad (Qy2) alluvial fan 

nearly to the San Pedro River and multiple active tributary channels reach the San 

Pedro along the fan front. A historic diversion canal (d) of the San Pedro passes 

beneath the main active (Qyc) channel of Clifford Wash. Exposures of possibly 

interfingering tributary and river alluvium are evident in the Clifford Wash channel wall at 

the location of the red dot on the east side of the San Pedro in the figure above.   

Site Access 

Site 14 was accessed by traversing the old railroad bed on the west side of the San 

Pedro then crossing over the river and hiking upstream along Clifford Wash. 

Observations regarding this site are presented on the following pages. 
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Site 14 

Photo SPR112E  

Exposure within Clifford Wash 

San Pedro River mile marker 112 east 

 

Description of Tributary Arroyo Exposures 

A moderately well sorted, fine to medium-grained, sandy to pebbly deposit overlies 

coarse sandy, poorly sorted deposits with abundant angular pebble and small cobble 

clasts. These deposits overlie a fine-grained, massive deposit of medium to fine sand 

exposed at the base of the channel wall. An undulating erosional contact is evident 

between each layer in the exposure.   
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Stratigraphic Interpretation 

The upper moderately well sorted deposits could be a mix of tributary (poorly sorted) 

and low energy river floodplain (well sorted) alluvium or they could be attributed to lower 

energy deposition in a large distributary fan environment such as Clifford Wash. The 

middle deposits are interpreted as clearly deposited by a tributary drainage based on 

the presence of many angular and sub angular clasts and a close resemblance to the 

modern bedload of Clifford Wash. The lower, well-sorted, fine-grained alluvium 

resembles deposits commonly associated with Holocene San Pedro River floodplain 

deposition. It is also possible that the fine grained beds may be attributed to reworking 

of fine grained basin fill alluvium by Clifford Wash. Well-eroded basin fill hills are located 

upstream along Clifford Wash to the east. Because either mode of deposition could 

result in fine-grained deposition at this location, the origin of the fine grained layers 

cannot be conclusively determined based on field examination of these exposures. 
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Site 15 

Potential Exposure within an unnamed tributary channel 

San Pedro River mile marker 108 east 

 

Site Location and Description 

A narrow arroyo joins the San Pedro from the east near river mile 108 south of St David, 

AZ. The arroyo incises through broad, low-relief tributary alluvial (Qy2) fans and 

Holocene (Qy2r) San Pedro deposits. Historically, agricultural fields straddled the 

boundary between tributary and river alluvium, obscuring the contact at the surface. 

Some of these fields are still cultivated today. Exposures of sedimentary relationships 

are present in the northern wall of the arroyo at the location of the red dot in the figure 

above.  

Site Access 

Site 15 is accessible by crossing the San Pedro River from the west by Escalante 

Crossing Rd or from the east by E Judd St. Observations regarding this site is 

presented on the following pages. 
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Site 15 

Photo SPR108E  

Exposure within an unnamed tributary channel 

San Pedro River mile marker 108 east 

 

Description of Tributary Arroyo Exposures 

View of northern tributary channel wall. Fine-grained, moderately well sorted alluvium 

with dark gray to black, organic-rich interbeds is overlain by predominantly fine sandy 

alluvium with coarse sandy to pebbly interbeds. These deposits, in turn, are overlain by 

a thinning deposit of poorly sorted sandy to pebbly alluvium with angular to sub angular 

clasts. A wavy erosional contact into underlying sands is present at the base of the 

poorly sorted uppermost layer. A near vertical channel wall with fresh bank collapse 

provides excellent unobscured exposures these alluvial units. 
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Stratigraphic Interpretation 

The dark, organic-rich, banded fine-grained deposits are interpreted as low energy 

cienega-like San Pedro River alluvium. Springs were known to sustain wetlands in this 

area in the past. These dark layers could represent slow aggradation of organic-rich, 

swampy sediment prior to historical incision along this portion of the San Pedro River. 

Some of the dark banded layers appear to include angular sand and pebbles which may 

indicate mixing of tributary and San Pedro alluvium at the time of deposition. This 

location is very near the incised modern San Pedro channel yet the banded appearance 

is stratigraphically above the exposed channel walls so deposition of the organic-rich 

beds occurred prior to historical downcutting along the San Pedro. These deposits are 

overlain by more recent medium brown river alluvium and a mix of tributary deposits 

which becomes more apparent upstream along the incised tributary. The uppermost 

deposit that pinches out as it nears the San Pedro is interpreted as a thinning tributary 

fan deposit emplaced prior to historical incision of the San Pedro and headcutting of the 

tributary arroyo. This exposure is located at the mapped tributary fan/Holocene San 

Pedro alluvial boundary on the surface. Exposures of San Pedro deposits extend 

upstream in the arroyo for approximately 20-30 ft where they become buried. Upstream 

of this point the exposed deposits consist entirely of tributary alluvium. 
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Site 16 

Potential Exposure within Slavin Wash 

San Pedro River mile marker 107 east 

 

Site Location and Description 

Slavin Wash and other narrow incised arroyos cut through broad, coalescing Holocene 

tributary fan alluvium (Qy2 deposits) and San Pedro River (Qy2r and Qy3r) deposits on 

the east side of the San Pedro near river mile 107. An extensive tributary alluvial cover 

is derived from distant basin fill hills to the east yet some isolated mounds (QTsr 

deposits) are visible within the younger reworked deposits. Higher-standing basin fill 

remnants evident across the river owe their preserved height to armoring by remnant 

Pleistocene (Qi1r) San Pedro River cobble caps. Sedimentary relationships are 

exposed in the southern wall of the arroyo at the location of the red dot in the figure 

above. 

Site Access 

This site was accessed from the intersection of the arroyo and Highway 80 to the east. 

Observations regarding this site are presented on the following pages. 
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Site 16 

Photo SPR107E  

Exposure within Slavin Wash 

San Pedro River mile marker 107 east 

 

Description of Tributary Arroyo Exposures 

Poorly sorted sandy to pebbly alluvium is interbedded with well-sorted, fine-grained 

alluvium. Deposits are noticeably less well sorted above the marked contact in the 

image above (GPS for scale). This exposure is very close to the mapped surficial 

boundary of tributary alluvial fans on AZGS surficial geologic maps although an 

interfingering relationship between tributary and river alluvium appears to exist in the 

subsurface. 
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Stratigraphic Interpretation 

The poorly sorted sandy to pebbly alluvium is interpreted as tributary alluvium while the 

well sorted fine-grained alluvium strongly resembles low energy San Pedro floodplain 

deposits exposed in river channel walls downstream. These well-sorted deposits could 

conceivably be related to distal tributary fan deposition or a combination of both tributary 

and river deposition. In this location, close to the mapped boundary of the toe of 

tributary fans overlying fine grained Holocene San Pedro River deposits, it seems 

reasonable to associate the finer grained layers with dominant deposition by the San 

Pedro River. 
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Site 17 and 18 

Potential Exposure within an unnamed tributary channel 

San Pedro River mile marker 105 east 

 

Site Location and Description 

Broad, very low relief, largely unincised tributary (Qy2) alluvium sourced from heavily 

eroded basin fill bluffs to the E/NE slopes gradually toward the San Pedro River to the 

SW in St David, AZ. A rare incised arroyo west of Miller Lane (location of red dot in the 

above figure) south of Hwy 80 exposes recent historically disturbed tributary sediment 

as well as possible interfingering deposits of river and tributary alluvium.  

Site Access 

This site was accessed from an empty dirt lot adjacent to Miller Lane south of Highway 

80 in St David, AZ. Observations regarding this site are presented on the following 

pages. 
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Site 17 

Photo SPR105E_A  

Exposure within an unnamed tributary channel 

San Pedro River mile marker 105 east 

 

Description of Tributary Arroyo Exposures 

The northern arroyo wall just west of Miller Lane exposes thick deposits (field notebook 

for scale) of well-sorted, laminar, fine to medium sandy alluvium beneath poorly sorted 

sandy to gravelly deposits at the top of the arroyo wall. Thick piles of large chunks of 

rebar-reinforced concrete lie immediately upstream in an attempt to inhibit further 

erosion and property loss along the headcutting arroyo. Further headcutting of the 

arroyo would cut access to nearby homes and erode property very near existing homes. 

Conversations with residents indicate extensive effort aimed at halting further incision 

along this arroyo have been attempted since the 1980s including a concrete and 
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earthen dam downstream of this exposure which has since been eroded away by the 

arroyo.  

Stratigraphic Interpretation 

The laminated beds apparent in this exposure are interpreted as a result of deposition 

of fine sands into standing water ponded upstream of a dam formerly spanning the 

arroyo downstream of this exposure. Poorly sorted sands and gravels overlying the 

laminar deposits are interpreted as prograding tributary alluvium atop the sand and 

sediment that gradually filled the area behind the dam. Once deposition reached the 

dam or enough water began pouring over the dam incision eroded away the dam, once 

again allowing headcutting along the arroyo. This portion of the arroyo does not provide 

an exposure of undisturbed tributary and river depositional relationships. Any 

undisturbed arroyo wall exposures are obscured by disturbed ponded sediment. 
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Site 18 

Photo SPR105E_B  

Exposure within an unnamed tributary channel 

San Pedro River mile marker 105 east 

 

Description of Tributary Arroyo Exposures 

Predominantly fine grained, well-sorted alluvium is exposed at the base of the southern 

arroyo wall downstream from the historically disturbed portion of the arroyo. These 

deposits are overlain by interbedded well-sorted, fine sandy and poorly sorted sandy to 

angular pebbly alluvium. Atop these sediments lies very poorly sorted, medium brown, 

sandy to gravelly alluvium. The finer interbeds in this exposure exhibit some 

consolidation and blocky soil structure. Every layer tested reacts strongly to acid 

indicating calcium carbonate development is present throughout the exposure.  
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Stratigraphic Interpretation 

The uppermost very poorly sorted deposits are interpreted to be derived from 

prograding tributary alluvial fans. These deposits overlie possible interbedded deposits 

of tributary and river alluvium. The finer grained interbeds could also have been 

deposited by lower energy splays or sheetflow in a distributary alluvial fan environment. 

The lowermost fine-grained, well-sorted deposits resemble deposits commonly 

associated with Holocene San Pedro River floodplain deposition. It is also possible that 

the fine grained beds may be attributed to reworking of fine grained basin fill alluvium by 

local drainages. Well-eroded basin fill hills are located upstream along the unnamed 

arroyo to the east. Because either mode of deposition could result in fine-grained 

deposition at this location, the origin of the fine grained layers cannot be conclusively 

determined based on field examination of these exposures. 
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Site 19 

Potential Exposure within Dragoon Wash 

San Pedro River mile marker 104 east 

 

Site Location and Description 

Dragoon Wash is a large tributary drainage that joins the San Pedro River near St 

David, AZ (location of red dot) on the east side of the San Pedro near river mile 104. It 

carves through tall basin fill (Tsp, QTsd) bluffs to the northeast and is bound by very low 

relief piedmont alluvium (Qy2 deposits) to the east. Many of these low relief deposits 

have been historically disturbed by agriculture and the boundary between river and 

piedmont alluvium is obscured. 

Site Access 

Access to Dragoon Wash is blocked by no trespassing signs, locked gates, and private 

property from both the north and south. No observations were made at this location due 

to lack of accessibility. 
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Site 20 

Potential Exposure within an unnamed arroyo 

San Pedro River mile marker 101 east 

 

Site Location and Description 

A small incised arroyo near the toe of a low relief piedmont fan (location of red dot) 

extends into Holocene San Pedro (Qy2r) alluvium southeast of Benson, AZ. The distal 

edges of piedmont fans (Qy2 deposits) and large portions of Holocene river alluvium 

(Qy2r deposits) have been historically disturbed by agriculture and the boundary 

between river and piedmont alluvium is obscured.  

Site Access 

Access to this site is blocked by no trespassing signs, locked gates, and private 

property from both the north and south. No observations were made at this location due 

to lack of accessibility. 
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Site 21 

Potential Exposure within the San Pedro River 

San Pedro River mile marker 99.5 west 

 

Site Location and Description 

Broad, low relief fans sourced from eroding basin fill deposits (Qy2 and Qy2f deposits) 

stretch towards the incised San Pedro River south of I-10 near Benson, AZ. Exposures 

along the incised San Pedro River (location of red dot in San Pedro near the center of 

the image) provide good examples of typical San Pedro River deposits that may be 

visible in the walls of incised arroyos outside the mapped extent of these deposits on 

AZGS surficial geologic maps. 

Site Access 

The San Pedro channel at this location was accessed by traversing the unnamed 

tributary arroyo from the E Benson Airport Rd crossing to the east. Observations 

regarding this site are presented on the following pages. 
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Site 21 

Photo SPR99.5W  

Exposure within the San Pedro River 

San Pedro River mile marker 99.5 west 

 

Description of River Exposures 

Alternating beds of fine grained, well sorted San Pedro floodplain and channel deposits 

are visible in the west wall of the San Pedro near Benson, AZ. The youngest deposit 

(excluding the modern incised channel bottom) is the medium brown sandy to pebbly 

layer located at the top of the exposure. Below the uppermost layer lies a darker brown 

fine sandy layer exhibiting mild to moderate soil development. Alternating channel 

sands without soil development and other fine grained San Pedro alluvium compose the 

lower levels of this exposure. 15-20 ft of Holocene river alluvium is exposed at this 

location. All of these units appear to be Holocene in age and may be used to compare 

similar fine grained layers exposed in incised tributary arroyos to the San Pedro River to 
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better discern the possible extent of Holocene San Pedro floodplain alluvium in the 

subsurface. 

Stratigraphic Interpretation 

Few erosional contacts are noted between alluvial layers exposed in the San Pedro 

channel wall at this location. Some coarse sandy to pebbly channel deposits appear to 

have been erosionally emplaced atop underlying fine grained river floodplain deposits 

but the erosion is minimal and the exposed stratigraphic sequence is aggradational. 

Exposed alluvium was deposited in an aggradational meandering river system. 

Alternating beds of fine sandy to silty and sandy to pebbly alluvium are interpreted to 

reflect river floodplain and channel deposits, respectively. Layers exhibiting soil 

development are indicative of periods of depositional inactivity. Sediments with soil 

development had to be exposed at the surface for extended periods of time in order for 

a soil to form. Rapid, continuous aggradation of river sediment would not allow the 

multiple observed soils to form in the profile. Gradual deposition of these deposits in the 

Holocene was followed by rapid incision of the San Pedro and tributary drainages in the 

late 1800s and early 1900s resulting in the steep channel walls still present along this 

portion of the San Pedro today. 
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Site 22 

Potential Exposure within an unnamed tributary channel 

San Pedro River mile marker 99.5 east 

 

Site Location and Description 

Broad, low relief fans sourced from eroding basin fill deposits (Qy2 and Qy2f deposits) 

stretch towards the incised San Pedro River south of I-10 near Benson, AZ. Exposures 

along the incised arroyo (location of red dot in arroyo in the upper right of the image) lie 

at an outside bend of the tributary channel which has eroded farther into piedmont 

deposits since AZGS conducted mapping in this area (note wider channel evident at this 

location in the 2013 imagery compared to location of the channel depicted on AZGS 

surficial geologic maps). 

Site Access 

This site was accessed by driving up the tributary channel from where it crosses E 

Benson Airport Rd to the west. Observations regarding this site are presented on the 

following pages. 
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Site 22 

Photo SPR 99.5E  

Exposure within an unnamed tributary channel 

San Pedro River mile marker 99.5 east 

 

Description of Tributary Arroyo Exposures 

Poorly sorted coarse sandy to gravelly deposits with angular to sub angular clasts are 

evident at the top of the exposed arroyo wall. These deposits erosionally overlie thicker 

deposits of finer grained, banded, moderately well sorted alluvium. Modern tributary 

channel alluvium is dominantly sandy with pebble to cobble bars throughout the 

channel. Fresh bank collapse provides good exposures of sedimentary relationships at 

this location. 
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Stratigraphic Interpretation 

The angular clast bearing, poorly sorted alluvium exposed at the top of the arroyo wall is 

interpreted as young Holocene to historical prograding tributary piedmont alluvium. 

Angular clasts exposed in this deposit strongly resemble those present in the modern 

channel. The finer grained, well sorted, banded alluvial deposits present below the 

angular clast-bearing deposit may have been deposited by low energy distal fan 

deposition. These deposits also resemble fine grained river floodplain deposits but the 

position in the landscape and proximity to tall, well-dissected basin fill bluffs to the east 

which provide a continuous source of fine-grained sediment suggest these deposits 

were more likely emplaced in a tributary channel or fan environment. Although, because 

either mode of deposition could result in fine-grained deposition at this location, the 

origin of the fine grained layers cannot be conclusively determined based on field 

examination of these exposures. 
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Site 23 

Potential Exposure within an unnamed tributary channel 

San Pedro River mile marker 96 west 

 

Site Location and Description 

Low relief, gently sloping tributary (Qy and Qy2) alluvium sourced from well eroded 

basin fill deposits to the southwest blankets this portion of the San Pedro River Valley 

nearly to the modern San Pedro River channel in places. An incised arroyo crossing 

Ocotillo Rd exposes possible interfingering fine grained San Pedro floodplain (Qy2r) 

and coarser grained, poorly sorted tributary fan alluvium (location of red dot). 

Site Access 

This site was accessed from N Ocotillo Rd. Observations regarding this site are 

presented on the following pages. 
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Site 23 

Photo SPR96W  

Exposure within an unnamed tributary channel 

San Pedro River mile marker 96 west 

 

Description of Tributary Arroyo Exposures 

Very poorly sorted light brown sandy to gravelly beds with angular to sub angular clasts 

interfinger with finer-grained, well sorted, darker brown interbeds. The coarser beds 

strongly resemble tributary fan alluvium observed throughout the arroyo and in the 

modern tributary channel while the finer grained interbeds resemble San Pedro River 

floodplain deposits exposed in a similar relationship in nearby arroyos (site 24) and in 

modern channel walls of the San Pedro River.  
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Stratigraphic Interpretation 

Laterally continuous exposures of multiple buried soils indicate punctuated landscape 

stability sufficient for soil development throughout a period of net aggradation in the 

Holocene. Widespread fine-grained deposition could have been achieved by broad, 

repeated, low energy floodplain deposition by the San Pedro. Coarser, poorly sorted 

tributary piedmont deposits overlying these fine-grained beds later prograded across 

these extensive floodplain deposits. This process repeated through time resulting in the 

alternating fine-coarse interbedding with soil development exposed in the arroyo today. 

It is possible the fine grained beds could also have been deposited by lower energy 

distal tributary fan progradation but the uniform particle size, excellent sorting, and 

laterally continuous buried soil layers seem more likely to result from widespread, low 

energy floodplain deposition by the San Pedro River. Probable Holocene river floodplain 

deposits are exposed in this arroyo up to 2,600 ft outside the mapped surficial boundary 

of Holocene river alluvium on AZGS geologic maps. 
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Site 24 

Potential Exposure within an unnamed tributary channel 

San Pedro River mile marker 93.5 west 

 

Site Location and Description 

A small incised arroyo joins the San Pedro River from the west near river mile 93.5 

(location of red dot). Broad, relatively unincised piedmont (Qy2, Qys, and Qy3) alluvium 

stretches from isolated remnants of basin fill (QTc, QTcs) bluffs to the west and north 

onto Holocene river floodplain (Qy2r) deposits near this location.   

Site Access 

Private property blocks access to some of this arroyo system. Incision along accessible 

portions of this arroyo was insufficient to provide exposures of tributary fan and San 

Pedro River sedimentary interaction. No observations were made at this location. 

  



March 2014 52 AZGS 

Site 25 and 26 

Potential Exposure within an unnamed tributary channel 

San Pedro River mile marker 89.5 west 

 

Site Location and Description 

A series of tributary fans and small drainages have deposited a continuous cover of 

tributary (Qy2 and Qys) alluvium between the San Pedro River and the higher-standing 

basin fill bluffs (QTcs) to the southwest. Good exposures of interfingering Holocene 

tributary and San Pedro alluvium (likely Qy2r) are exposed in an incised drainage 

downstream of N Ocotillo Rd (location of red dot in the figure above). 

Site Access 

This site was accessed from N Ocotillo Rd. Observations regarding this site are 

presented on the following pages. 
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Site 25 

Photo SPR89.5W_A 

Exposure within an unnamed tributary channel 

San Pedro River mile marker 89.5 west 

 

Description of Tributary Arroyo Exposures 

Light brown, poorly sorted, sandy alluvium with angular to sub-angular pebble and 

gravel-dominated interbeds overlies more uniformly sorted, medium brown, fine sandy 

beds with darker brown fine sandy to silty buried soils (just below upper drawn contact 

in the image above) in the north arroyo wall at this location. Isolated lenses of 

lithologically diverse, well-rounded pebbles and cobbles are present within the fine-

grained layer. A darker brown buried soil is present in the finer layer just below the 

overlying coarse sediment. The angular clasts present in the upper deposit strongly 

resemble those found in the modern tributary channel bottom. Exposures of 

discontinuous interbeds of poorly sorted alluvium interfinger with the finer-grained 
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deposits are apparent elsewhere in the incised arroyo walls but these become less 

frequent downstream, yielding to more continuous exposure of fine grained alluvium 

beneath a thinning cap of poorly sorted alluvium. 

Stratigraphic Interpretation 

The poorly sorted alluvium with angular gravels exposed at the top of the arroyo wall is 

interpreted as tributary channel and fan deposits. These deposits overlie finer-grained, 

well-sorted sandy to silty alluvium with well-rounded cobble lenses representing 

Holocene San Pedro floodplain and channel deposits with discontinuous tributary 

alluvial interbeds resulting from interfingering tributary and river deposition at this 

location in the Holocene. The buried soil near the top of the fine unit indicated a period 

of landscape stability occurred prior to latest Holocene fan progradation atop Holocene 

river floodplain deposits. The tributary sand to gravel cap becomes noticeably thinner 

near the modern San Pedro channel, indicating thinning tributary fan deposition atop 

laterally extensive and thick Holocene San Pedro floodplain deposits. Holocene river 

floodplain deposits are exposed in this arroyo up to 820 ft outside the mapped surficial 

boundary of Holocene river alluvium on AZGS geologic maps. 
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Site 26 

Photo SPR89.5W_B 

Exposure within an unnamed tributary channel 

San Pedro River mile marker 89.5 west 

Description of Tributary Arroyo 

Exposures 

Another view of predominantly 

well-sorted, fine grained, Holocene 

alluvium with buried soil layers 

beneath a thin veneer of poorly 

sorted alluvium. This exposure is 

located several hundred feet 

farther downstream from site 25 in 

the southern arroyo wall nearer to 

the modern San Pedro River 

channel. 

Stratigraphic Interpretation 

The same interpretations 

described for photo SPR89.5W_A 

are applicable here although fewer 

poorly sorted tributary channel 

interbeds are present within the 

predominantly well-sorted fine-

grained river floodplain deposits. 

This trend indicates increasing 

dominance of deposition by the San Pedro nearer the modern channel. Most of the 

tributary alluvium evident at this location is the thinning alluvial deposit at the top of the 

exposure. The vast majority of sediment exposed in cross section here is interpreted as 

Holocene river deposits while surficial mapping shows this area as Holocene tributary 

(Qy2) deposits. The surface is dominated by tributary alluvium at this location which is 

depicted in surficial AZGS geologic mapping yet it seems clear Holocene river deposits 

extends farther from the river in the subsurface than the surficial maps indicate. 

  



March 2014 56 AZGS 

Site 27 

Potential Exposure within Redrock Creek 

San Pedro River mile marker 79 west 

 

Site Location and Description 

Redrock Creek is well-incised where it enters the San Pedro from the west (location of 

red dot) although it appears only tributary sediment is visible in arroyo walls above 

ground. No observations were made at this location due to lack of exposure of 

sedimentary relationships. 

Site Access 

This site was accessed from N Ocotillo Rd where it crosses Redrock Creek. 
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Site 28 

Potential Exposure within Kelsey Wash 

San Pedro River mile marker 72.5 east 

 

Site Location and Description 

Kelsey Wash enters the San Pedro from the east side at approximately river mile 72.5 

(location of red dot). Access along the wash is posted private property, no trespassing. 

In addition, Kelsey Wash is largely unincised from the road to the San Pedro River. No 

observations were made at this location due to lack of exposure and private property. 

Site Access 

This site was not accessed due to posted private property although it was clear Kelsey 

Wash was not sufficiently incised at this location to provide useful exposures of tributary 

and river sedimentary relationships. 
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Site 29 

Potential Exposure within Teran Wash 

San Pedro River mile marker 69.5 east 

 

Site Location and Description 

Lower Teran Wash has deposited a broad semi-circular alluvial fan (Qy2 deposits) 

where it becomes unconfined by high-standing, dissected, Quiburis basin fill (Tqc) 

bluffs. The modern Teran Wash channel has incised through interfingering Holocene 

tributary fan (Qy2) and San Pedro River deposits (likely Qy2r, location of red dot) as it 

has kept pace with historical to latest Holocene base level drop of the San Pedro River 

to the south. 

Site Access 

This site was accessed from the Oasis Bird Sanctuary located off N Cascabel Rd on the 

west bank of Teran Wash. Observations regarding this site are presented on the 

following pages. 
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Site 29 

Photo SPR69.5E  

Exposure within Teran Wash 

San Pedro River mile marker 69.5 east 

 

Description of Tributary Arroyo Exposures 

Erosional interbeds and channel deposits of cross bedded, poorly sorted, sandy to 

pebbly alluvium are exposed within well sorted fine sandy to silty deposits in a channel 

wall in an outside bend of Teran Wash north of its confluence with the San Pedro River. 

The poorly sorted interbeds strongly resemble modern Teran Wash bedload and the 

finer grained, well-sorted beds are evident in Holocene San Pedro River deposits 

exposed along the river throughout the area. 
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Stratigraphic Interpretation 

Coarse, poorly sorted alluvium matching modern Teran Wash deposits is interpreted as 

tributary channel alluvium. Fine grained, well-sorted alluvium strongly resembling 

deposits exposed in river channel walls to the west is interpreted as Latest Holocene 

San Pedro River floodplain and low energy channel deposits. Intricate interbedding of 

tributary and river deposits indicates concurrent deposition in a confluence between 

tributary and river. Today Teran Wash is incised to meet the incised San Pedro to the 

west but prior to basin incision it is likely the zone of confluence between these two 

channels was much more widespread and deposit dominance fluctuated laterally with 

river meandering and tributary floods. Although AZGS surficial mapping depicts tributary 

fan alluvium throughout this area at the surface, this exposure exhibits interfingering 

and concurrent deposition of Teran Wash and San Pedro River sediment in an 

aggrading distal fan/river floodplain environment up to 425 ft farther from the river than 

depicted on AZGS maps. 
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Site 30 

Potential Exposure within Hot Springs Wash 

San Pedro River mile marker 66 east 

 

Site Location and Description 

Hot Springs Wash joins the San Pedro River from the east side near river mile 66. The 

outside bend of Hot Springs Wash has eroded into an exposure of alternating tributary 

and San Pedro River deposits (location of red dot). Hot Springs Wash becomes 

unconfined upon exiting Hot Springs Canyon to the north. Unconfined flow has resulted 

in deposition of a broad fan at the mouth of the canyon. Since the deposition of this 

tributary fan, the San Pedro River has incised and Hot Springs Wash has incised as 

well to the new base level, eroding through its own fan and Holocene San Pedro River 

floodplain deposits. Exposures of the relationship between these sedimentary packages 

are visible along outside erosional bends of Hot Springs Wash.   

Site Access 

This site was accessed from the intersection of Hot Springs Wash and N Cascabel Rd. 

Observations regarding this site are presented on the following pages. 
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Site 30 

Photo SPR66E  

Exposure within Hot Springs Wash 

San Pedro River mile marker 66 east 

 

Description of Tributary Arroyo Exposures 

The photo on the left shows poorly sorted, light to medium brown alluvium deposited on 

top of finer-grained, well sorted, darker brown, fine sandy to silty alluvium. A mild 

erosional contact into the fine grained deposits is present at the base of the poorly 

sorted alluvium is apparent. The aerial photo on the right depicts the photo location 

within the tributary fan that has prograded out into the San Pedro River bottom. This 

tributary channel cut has been exposed by an outside erosional bend of Hot Springs 

Wash. The active Hot Springs Wash channel joins the San Pedro River to the west. 

Portions of the tributary fan emanating from Hot Springs Canyon have been eroded 
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away by the meandering San Pedro River. A dynamic depositional and erosional 

system between the San Pedro River and Hot Springs Wash is evident at this location. 

Stratigraphic Interpretation 

The poorly sorted sand and gravel in the upper half of the exposure is interpreted as 

tributary Hot Springs Wash alluvium. The well sorted fine sandy to silty deposits overlain 

by the tributary alluvium is interpreted as San Pedro River floodplain deposits. The 

erosional contact at the base of the tributary alluvium indicates some scouring on river 

floodplain deposits by Hot Springs Wash occurred prior to deposition of tributary sand 

and gravel. Low energy river floodplain deposits would be easily erodible by higher 

energy, coarser tributary flow in Hot Springs Wash. The deposition and erosion cycle 

between Hot Springs Wash and the San Pedro River evident in the modern landscape 

is indicative of these same processes in the past. Holocene river alluvium is exposed in 

the banks of Hot Springs Wash up to 350 ft outside the boundary depicted on AZGS 

surficial geologic maps. 
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Site 31 

Potential Exposure within Roble Wash 

San Pedro River mile marker 65 west 

 

Site Location and Description 

The arroyo emanating from Roble Canyon enters the San Pedro from the west near 

mile marker 65 (location of red dot). This site was not easily accessible from N 

Cascabel Rd to the east due to thick stands of vegetation. Glimpses of this arroyo 

through thick vegetation indicated minor arroyo incision. No observations were made at 

this location due to difficulty of access and a lack of exposures sufficient for observation 

along the arroyo. 

Site Access 

This site was not accessed due to difficulty of access and insufficient arroyo wall 

exposures. 
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Site 32 and 33 

Potential Exposure within unnamed tributary channels 

San Pedro River mile marker 40 east 

 

Site Location and Description 

Two small arroyos join the San Pedro from the east near river mile 40 (location of red 

dots). Each arroyo has incised through high-standing Quiburis basin fill (Tqs) deposits 

and tributary alluvium and has deposited small fans near the modern San Pedro River 

atop Holocene to historical San Pedro River (Qy4r) deposits. The tip of the southern 

arroyo fan has been trimmed off by recent flow in the San Pedro. This site demonstrates 

the dynamic relationship between tributary aggradation, incision, fan progradation and 

erosion by a meandering San Pedro River.  

Site Access 

This site was accessed by crossing the San Pedro on unnamed dirt roads from S 

Redington Rd to the west. Observations regarding this site are presented on the 

following pages. 
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Site 32 

Photo SPR40E_A 

Exposure within an unnamed tributary channel 

San Pedro River mile marker 40 east 

 

Description of Tributary Arroyo Exposures 

Very poorly sorted, angular to sub-angular clast dominated alluvium is exposed in 

tributary arroyo walls and tall (15-20 ft) San Pedro channel walls. A very young splay of 

coarse, very poorly sorted alluvium has spilled out from between incised arroyo walls to 

the modern San Pedro channel. The edge of this deposit has been trimmed away by 

erosion on an outside bend of the San Pedro River. 

Stratigraphic Interpretation 

The photo on the left depicts 15-20 feet of exposed tributary fan alluvium that has been 

exposed by lateral erosion of the San Pedro River. The annotated aerial photo on the 



March 2014 67 AZGS 

right shows the general erosional trend of this exposure (yellow highlighted bluffs) which 

matches the general north-south orientation of the San Pedro River (active channel 

outlined in blue). The tributary channel in this area has incised through Holocene 

tributary alluvium to meet the base level of the downcutting San Pedro River. Upon 

exiting the confined incised tributary channel, a young tributary fan has been deposited 

into the modern San Pedro River channel by the tributary drainage (outlined in black). 

Young tributary channel alluvium overlies recent San Pedro River channel deposits 

between the bluffs and the modern river channel. The toe of this tributary fan has 

subsequently been eroded away by an outside meander of the San Pedro. At least two 

generations of tributary fan progradation and erosional trimming by the San Pedro River 

are exposed at this location.  
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Site 33 

Photo SPR40E_B 

Exposure within an unnamed tributary channel 

San Pedro River mile marker 40 east 

 

Description of Tributary Arroyo Exposures 

Very poorly sorted, angular to sub-angular clast dominated alluvium is exposed in 

tributary arroyo walls and tall (10-15 ft) San Pedro channel walls. A very young splay of 

coarse, very poorly sorted sand and gravel has spilled out from between incised arroyo 

walls onto historical to recent San Pedro channel deposits. The base of trees growing in 

this area exhibit stripped away bark and burial by very fresh, poorly sorted sand and 

gravel. Holocene river alluvium is deposited up to the vertical channel walls upstream 

and downstream of the young tributary fan deposit. The annotated aerial photo on the 

right depicts these relationships. The tributary channel walls, young fan deposit, and 
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San Pedro channel walls are shown in black, the modern river channel is outlined in 

blue. 

Stratigraphic Interpretation 

The vertical San Pedro channel walls are composed of poorly sorted alluvium which is 

interpreted as tributary piedmont and channel deposits. The vertical walls were eroded 

back to their present position by a former meander of the San Pedro River. No well 

sorted beds of fine sediment that could be interpreted as river floodplain or low energy 

channel deposits are present in the exposure. The young tributary fan that has spilled 

out onto slightly older San Pedro alluvium at this location clearly demonstrates 

onlapping tributary and river stratigraphic relationships but no cross section is present. 
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Site 34 

Potential Exposure within an unnamed tributary channel 

San Pedro River mile marker 32.5 west 

 

Site Location and Description 

Broad, relatively unincised, steeply sloping piedmont (Qy2) alluvium extends from the 

west nearly to the modern San Pedro River channel. Infrequent incised arroyos cut 

these deposits and deposit thin splays of tributary alluvium atop Holocene River 

alluvium near the San Pedro. 

Site Access 

Access to the arroyo entering the San Pedro River from the west at river mile 32.5 

(location of red dot) was achieved by hiking across the San Pedro from S River Rd on 

the east side of the San Pedro. Unfortunately the arroyo was relatively unincised and 

offered no exposures of sedimentary relationships beween tributary and river deposits. 

No observations were made at this location due to lack of sedimentary exposures. 
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Site 35 

Potential Exposure within James Wash 

San Pedro River mile marker 32 east 

 

Site Location and Description 

James Wash is a wide arroyo (>150 ft across) where it exits tall, well-dissected basin fill 

bluffs at S River Rd. A broad alluvial fan emanates from this drainage and the modern 

arroyo channel has incised through the tributary fan and underlying deposits. A small 

fan (Qy2f) has been deposited onto historical San Pedro River deposits (Qy3r) at the 

mouth of the arroyo. The tributary channel does not meet the active San Pedro River 

channel at this location. Good exposures of sedimentary relationships are present in the 

southern wall of James Wash at the location of the red dot in the figure above. 

Site Access 

This site was accessed from S River Rd to the east. Observations regarding this site are 

presented on the following pages. 
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Site 35 

Photo SPR32E_A 

Exposure within James Wash 

San Pedro River mile marker 32 east 
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Site 35 

Photo SPR32E_B 

Exposure within James Wash 

San Pedro River mile marker 32 east 

 

Description of Tributary Arroyo Exposures 

In the first photo (SPR32E_A), well-sorted, light brown, predominantly sandy alluvium is 

exposed in an interfingering depositional relationship with much coarser, pebble to 

cobble-dominated, sub-angular to sub-rounded, poorly sorted alluvium. The coarse 

clasts strongly resemble the modern channel bedload and the finer alluvium resembles 

exposures in the banks of the San Pedro to the west. In the second photo (SPR32E_B), 

taken 20-30 ft downstream, very coarse, very poorly sorted, sub rounded to sub angular 

alluvium erosionally overlies much finer, well sorted, sand-dominated alluvium. The 

clasts in the upper portion of this exposure strongly resemble those observed in the 

modern channel of James Wash. The sandy alluvium strongly resembles exposures in 
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the banks of the San Pedro to the west. Large crossbeds in the coarse alluvium are 

evident. 

Stratigraphic Interpretation 

These distinctly different deposits are interpreted to have been deposited concurrently 

in a former confluence zone of the San Pedro River and James Wash prior to historical 

incision of the valley. The fine-grained, well-sorted alluvium is interpreted as San Pedro 

floodplain and low energy channel deposits and the very coarse, poorly sorted alluvium 

is interpreted as James Wash deposits. These deposits are alternately exposed in 

depositional and erosional sedimentary relationships. A depositional relationship 

between tributary and river channel sediment is characterized in photo SPR32E_A. 

Much like the exposure at site 29, these deposits were emplaced synchronously where 

James Wash joined the San Pedro in the past. Local variations in dominance of 

sediment from one source of deposition over the other can be explained by meandering 

of the San Pedro River, floods along James Wash, and limited preservation and 

exposure of depositional relationships. Large pebbles and cobbles exposed in James 

Wash deposits exhibit crossbedding and lie in erosional contact with underlying San 

Pedro deposits, indicating the coarser sediment was deposited by high energy flow, 

possibly during a flood event in the tributary channel. The fine-grained well-sorted 

composition of the lower deposit indicates steady, lower energy deposition such as that 

of a river floodplain or low energy channel. Similar fine grained deposits are 

encountered in Holocene to historical San Pedro River deposits to the west. This site is 

interpreted as exposing Holocene tributary fan alluvium erosionally overlying Holocene 

San Pedro River floodplain deposits. Holocene river alluvium is exposed in arroyo walls 

of James Wash up to 600 ft outside mapped boundaries of Holocene River alluvium on 

AZGS surficial geologic maps. 
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Site 36 

Potential Exposure within an unnamed tributary channel 

San Pedro River mile marker 29.5 west 

 

Site Location and Description 

The arroyo entering the San Pedro from the west (location of red dot) exits highly 

dissected basin fill (Tqc) bluffs and flows across steeply sloping piedmont fans (Qy2 

deposits) before depositing a small splay of young tributary sediment atop Holocene 

river floodplain (Qy2r and Qy4r) alluvium at the western edge of the modern San Pedro 

channel.  

Site Access 

Access to this site was very difficult from the west and blocked by private property on 

the east. No observations were made at this location due to difficulty of access and 

posted private property. 
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Site 37 

Potential Exposure within Mammoth Wash 

San Pedro River mile marker 26 west 

 

Site Location and Description 

A large tributary fan has been deposited at the mouth of Mammoth Wash on the west 

side of the San Pedro River near river mile 26 south (upstream) of Mammoth, AZ. 

Multiple active tributary (Qyc) channels reach the San Pedro River here and the distal 

end of the tributary fan (Qy2 deposits) has been eroded away in places by an outside 

meander of the San Pedro River. This erosion has resulted in exposures of tributary fan 

sediment overlying former San Pedro River floodplain and channel (Qy4r, Qy3r, and 

Qy2r) deposits. These sediments are visible in the truncated edge of the tributary fan 

(location of red dot). This site provides an example of the dynamic relationship between 

tributary fan progradation into an active erosional environment such as the San Pedro 

River bottom. 
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Site Access 

This site was accessed by driving south (upstream) in the San Pedro River bottom from 

E Copper Creek Rd at Mammoth, AZ to the north. Observations regarding this site are 

presented on the following pages. 
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Site 37 

Photo SPR26W_A 

Exposure within Mammoth Wash 

San Pedro River mile marker 26 west 
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Site 37 

Photo SPR26W_B  

Exposure within Mammoth Wash 

San Pedro River mile marker 26 west 

 

Description of Tributary Arroyo Exposures 

Photo SPR26W_A depicts alternating beds of poorly sorted, sandy to gravelly and well-

sorted fine sandy alluvium are exposed in the edge of a large distributary alluvial fan 

emanating from Mammoth Wash. These deposits are exposed in the western channel 

wall of the San Pedro River a few miles south (upstream) of Mammoth, AZ. Interbedded 

and interfingering deposits are exposed. The coarse, poorly sorted alluvium resembles 

bedload in distributary channels of Mammoth Wash to the west while the well-sorted 

sandy layers resemble fine alluvium exposed in San Pedro riverbanks ubiquitous 

throughout the area. In contrast, photo SPR26W_B was taken 10-20 ft away and 

depicts 8-10 feet of very poorly sorted sandy to bouldery (field notebook for scale) 
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alluvium is exposed along an outside meander bend of the modern San Pedro River. No 

well sorted alluvial layers are exposed at this location. An annotated overview of 

tributary channel deposits demonstrates alternating deposition of tributary sediment into 

the San Pedro river bottom and erosion of these deposits by the meandering San Pedro 

River. The annotated overview map demonstrates some tributary channels are 

truncated at outside meander bends of the San Pedro while others have deposited 

small splays of tributary sediment onto recent San Pedro channel deposits.  

Stratigraphic Interpretation 

The poorly sorted coarse sandy to gravelly deposits are interpreted as tributary alluvium 

deposited by Mammoth Wash. The finer sandy beds are interpreted as San Pedro River 

floodplain and low energy channel deposits. Some exposures at this site contain 

evidence for an interbedded relationship between these deposits while others consist 

entirely of tributary alluvium deposited by Mammoth Wash. Where an interbedded 

relationship is exposed, it is interpreted as evidence for concurrent and alternating 

deposition of sediment by Mammoth Wash and the San Pedro River in a confluence 

zone analogous to the confluence between drainages still present today. A complete 

lack of well-sorted San Pedro alluvium in some areas indicates portions of the 

Mammoth Wash fan are dominated by tributary channel deposition and fan 

progradation. Erosion of the tributary fan toe occurs where the active San Pedro River 

channel is adjacent to the fan, especially at outside erosional bends of the river. 

Because the active San Pedro channel shifts and meanders during flood events, 

different portions of the tributary fan are eroded away over time. Progradation of 

tributary fan alluvium occurs where the active San Pedro River channel is located away 

from the fan toe. This phenomenon is outlined on the annotated aerial photo above. 

Ephemeral flow during flood events in tributary fan channels delivers pulses of sediment 

to different areas of the distributary fan drainage network. Over time, the Mammoth 

Wash fan has prograded into the San Pedro River valley bottom, pushing the San 

Pedro River to the east. Mammoth Wash deposits overlie former San Pedro River 

deposits. 

  



March 2014 81 AZGS 

Site 38 

Potential Exposure within Tucson Wash 

San Pedro River mile marker 23.5 west 

 

Site Location and Description 

Tucson Wash joins the San Pedro River from the west at the town of Mammoth, AZ 

near river mile 23 (location of red dot). Repeat and historic aerial photography show a 

dynamic erosional and depositional relationship at the confluence between these 

channels. Tucson Wash deposits have been completely eroded away during floods on 

the San Pedro River in the 1920s. These San Pedro deposits have subsequently been 

buried, reworked, and incised through by Tucson Wash. Sediment in the confluence 

zone is composed of a mix of tributary and San Pedro River sediment. The mouth of 

Tucson Wash has deposited several feet of sediment at the edge of the San Pedro 

River which is eroded back each time the San Pedro conveys significant erosional flow. 

The dynamic relationship between tributary drainages and the meandering San Pedro 

River is exemplified here. 
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Site Access 

This site was accessed from Highway 77 where at the bridge spanning Tucson Wash. 

The wash was walked to the confluence with the San Pedro to the east. Observations 

regarding this site are presented on the following pages. 

  



March 2014 83 AZGS 

Site 38 

Photo SPR23.5W  

Exposure within Tucson Wash 

San Pedro River mile marker 23.5 west 

 

Description of Tributary Arroyo Exposures 

View to the south (upstream) along the San Pedro River at the confluence of Tucson 

Wash. Poorly sorted sand and boulders compose the Tucson Wash deposits. San 

Pedro sediments are generally finer than the tributary deposits, here dominated by sand 

and pebbles. The distal edge of alluvium deposited by Tucson Wash has been eroded 

away by the San Pedro resulting in a 3-6 ft bank of very recently deposited tributary 

sediment. No exposures of Holocene river alluvium are present at this location as the 

confluence zone is broad and unincised. The annotated aerial photo on the right 

outlines the relative positions of tributary and river deposits. Tucson Wash channel 

deposits project out across recent sandy San Pedro channel deposits. Homes and 
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infrastructure in Mammoth, AZ have been constructed on former San Pedro terraces up 

to erosional scarps overlooking the modern river floodplain. A dynamic depositional and 

erosional system between the San Pedro River and Tucson Wash is evident at this 

location. 

Stratigraphic Interpretation 

Tucson Wash has deposited sediment all the way to the active San Pedro River. The 

distal end of these tributary deposits has subsequently been eroded away by the river. 

The San Pedro River has meandered back and forth across the valley bottom, 

alternately eroding and redistributing tributary fan and channel deposits. The modern 

landscape and distribution of tributary and river alluvium is a product of deposition and 

influence of both channel systems. Recent Tucson Wash deposits overlie multiple 

generations of former San Pedro channel deposits at this location. 
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Site 39 

Potential Exposure within Zapata Wash 

San Pedro River mile marker 18.5 east 

 

Site Location and Description 

Zapata Wash is a narrow tributary channel that joins the San Pedro River from the east 

(location of red dot). The wash exits tall, well-dissected basin fill (Tql) deposits, some of 

which are capped by Pleistocene piedmont (Qi2, Qi3) and river (Qi1r, Qi2r) deposits, 

and flows southwest across low relief, Holocene piedmont (Qy2) and river floodplain 

(Qy2r) deposits before joining the San Pedro River.   

Site Access 

Exposures along Zapata Wash were inaccessible due to posted private property signs 

downstream of roads crossing the drainage. No observations were made at this location 

due to lack of access. 



March 2014 86 AZGS 

References 

Ballenger, J.A.M, 2010, Late Quaternary Paleoenvironments and Archaeology in the 

San Pedro Basin, Southeastern Arizona, U.S.A.: Doctoral dissertation, University of 

Arizona, Tucson, AZ, 217 p. 

Cook, J.P, Youberg, A., Pearthree, P.A, Onken J.A.,MacFarlane, B.J., 

Haddad, D.E., Bigio, E.R And Kowler, A.L, 2009,  Mapping Of Holocene River 

Alluvium Along The San Pedro River, Aravaipa Creek, And Babocomari 

River, Southeastern Arizona: DM-RM-1, 6 Sheets, Scale 1:24,000, With Text.  

USDA-FSA Aerial Photography Field Office, 2013, NAIP 2013 Orthoimagery 



 

 

 

 

 

 

APPENDIX C 
 



Revised Subflow Zone
Delineation Report

April 2014

%2

%2

%2

%2%2

%2%2%2

%2

%2

%2

%2%2%2%2%2%2

%2

_̂

151

152

156

157

153

154

155

Mexico

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:28,110

Workmap Series
USGS Topo Quad:

Bob Thompson Peak
Map 1 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

%2

%2

%2%2

%2%2%2

%2

%2

%2

%2%2%2%2%2%2

_̂

151

152

156

157

153

154

155

Mexico

AZGS Site 1

Greenbush Draw

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:28,150

Workmap Series
USGS Topo Quad:

Stark
Map 2 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

%2

%2

%2

%2

%2

%2%2 %2

%2%2

%2%2%2%2

%2

%2%2

%2

%2%2%2

%2%2

%2%2%2

%2

%2

%2

%2%2%2%2%2%2

%2%2%2%2

%2%2

%2

%2
%2

%2 %2

_̂

_̂

_̂

_̂

_̂

_̂

_̂140

141

142

144

145

146

147

148

150

151

152

143

149

153

154

155

AZGS Site 3

AZGS Site 6

AZGS Site 7

AZGS Site 8

AZGS Site 9

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:28,080

Workmap Series
USGS Topo Quad:

Nicksville
Map 3 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

%2

%2

%2

%2

%2

%2%2 %2

%2%2

%2%2%2%2

%2

%2%2

%2

%2%2%2

%2%2

%2%2%2

%2

%2

%2

%2%2%2%2%2%2

%2%2%2%2

%2%2 %2

%2

%2 %2 %2

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂140

141

142

144

145

146

147

148

150

151

152

143

149

153

154

155

AZGS Site 1

AZGS Site 2

AZGS Site 4

AZGS Site 3

AZGS Site 5

AZGS Site 6

AZGS Site 7

AZGS Site 8

AZGS Site 9

Greenbush Draw

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:28,120

Workmap Series
USGS Topo Quad:

Hereford
Map 4 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2%2

%2

%2

%2%2

%2

%2

%2

%2%2

%2

%2

%2%2 %2

%2 %2

%2

%2%2

%2

%2%2%2%2%2%2

%2%2%2%2%2%2%2

%2%2%2%2%2%2%2

%2

%2 %2%2

%2

%2

%2

%2

%2
%2

%2

_̂

_̂

_̂

_̂

_̂

130

132

133

135

137

138

139

140

141

142

129

131

134

136

143

AZGS Site 7

AZGS Site 8

AZGS Site 9

AZGS Site 10

Government Draw

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:28,040

Workmap Series
USGS Topo Quad:

Lewis Springs
Map 5 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

%2

%2%2

%2

%2

%2%2 %2

%2 %2

%2

%2%2

%2

%2%2%2%2%2%2

%2%2%2%2%2

%2

%2 %2%2%2%2

_̂

_̂

_̂

_̂

_̂

135

137

138

139

140

141

142

134

136

143

AZGS Site 7

AZGS Site 8

AZGS Site 9

AZGS Site 10

Government Draw

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:28,080

Workmap Series
USGS Topo Quad:

Tombstone SE
Map 6 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

%2%2

%2

%2

%2

%2%2

%2

%2

%2

%2%2

%2

%2

%2%2

%2

%2

%2

%2%2%2%2%2

%2%2%2%2%2%2%2

%2

%2

%2

%2

%2

_̂

_̂

0

3

5

6

7

117

118

120

121

122

123

124
125

127

128

130

132

133

1

2

4

119

126

129

131

AZGS Site 11

AZGS Site 12

Walnut Gulch

Walnut Gulch

Willow Wash

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:28,010

Workmap Series
USGS Topo Quad:

Fairbank
Map 7 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

$1

$1

$1

$1

$1

$1

$1

$1
$1 $1

$1

$1

$1

$1$1$1

$1

$1

$1

$1

$1

$1

$1

$1

$1
$1

$1

$1$1

$1$1

$1

$1 $1

$1

$1

$1

$1

$1

$1

$1

$1

$1$1

$1

$1

$1

$1

$1$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1$1

$1
$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

%2

%2%2

%2%2%2%2

%2

%2

%2

%2

%2

%2

%2%2

%2

%2

%2%2%2%2

%2%2

%2

%2
%2

%2 %2

%2

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

106

107

108

109

110

111

113

114

115

116

117

118

120

121

105

112

119

StD
avid

Ditch

AZGS Site 12

AZGS Site 14

AZGS Site 13

AZGS Site 15

AZGS Site 16

Walnut Gulch

Willow Wash

Sacaton Wash

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,970

Workmap Series
USGS Topo Quad:

Land
Map 8 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

$1

$1

$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1 $1 $1

$1

$1 $1

$1
$1$1

$1

$1

$1

$1

$1

$1

$1 $1$1

$1
$1

$1$1

$1

$1

$1

$1$1$1

$1

$1

$1

$1
$1

$1 $1

$1

$1
$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1$1

$1

$1

$1 $1

$1 $1$1

$1$1

$1

$1$1

$1

$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1

$1

$1

$1$1

$1

$1

$1

$1

$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1$1

$1

$1

$1

$1$1

$1$1$1

$1

$1

$1

$1

$1$1

$1
$1

$1
$1$1 $1

$1$1
$1

$1

$1$1$1$1

$1$1

$1$1$1

$1

$1 $1$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1$1

$1

$1

$1

#0

#0
#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

%2

%2%2

%2%2%2%2

%2

%2

%2

%2

%2

%2%2%2%2

%2%2

%2

%2

%2%2%2%2%2%2%2%2%2

%2

%2

%2

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

100

101

102

103

106

107

108

109

104

105

StDa vid Ditch

AZGS Site 15

AZGS Site 16

AZGS Site 17
AZGS Site 18

AZGS Site 19

AZGS Site 20

AZGS Site 22

Dragoon Wash

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,930

Workmap Series
USGS Topo Quad:

Saint David
Map 9 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

$1

$1

$1
$1
$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1 $1

$1
$1

$1$1

$1

$1

$1

$1
$1

$1 $1

$1
$1

$1 $1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1 $1

$1 $1$1

$1$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1
$1

$1

$1$1

$1

$1

$1$1

$1$1$1

$1

$1

$1

$1

$1$1

$1
$1

$1
$1$1 $1

$1$1

$1

$1$1$1$1

$1$1

$1$1$1$1$1

$1

$1 $1$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1
$1

$1

$1

$1$1

$1

$1

$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1
$1

$1

$1$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1
$1

$1

$1$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1$1$1$1$1

$1

$1

$1

$1$1

$1

$1

$1

$1

$1

$1$1$1

$1$1$1$1

$1

$1

$1$1
$1

$1

$1

$1

$1

$1$1$1

$1

$1

$1$1

$1

$1

$1

#0

#0
#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

%2

%2%2

%2%2%2%2

%2

%2

%2

%2

%2

%2

%2%2%2%2

%2%2

%2

%2

%2

%2%2%2%2%2%2%2%2%2

%2%2%2%2%2

%2%2%2%2%2

%2

%2

%2
%2

%2

%2

%2

%2

%2

%2

_̂

_̂

_̂

_̂

_̂

_̂

93

94

95

96

97

98

99

100

101

102

103

106

104

105

AZGS Site 19

AZGS Site 20

AZGS Site 21

AZGS Site 22

AZGS Site 23

Dragoon Wash

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,890

Workmap Series
USGS Topo Quad:

Benson
Map 10 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

$1

$1

$1

$1

$1

$1

$1

$1

$1$1

$1

$1

$1

$1

$1

$1$1

$1

$1
$1

$1

$1

$1

$1

$1 $1

$1 $1

$1

$1

$1

$1

$1

$1

$1

$1 $1

$1

$1

$1

$1

$1

$1 $1

$1

$1

$1

$1

$1

$1

$1

$1

$1 $1

$1$1

$1

$1

$1

$1

$1

$1
$1

$1

$1

$1

$1$1
$1

$1

$1

$1$1 $1$1

$1$1

$1

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

%2

%2

%2

%2
%2

_̂

_̂

_̂
_̂

_̂

82

83

84

85

86

87

88

89

91

92

93

94

95

96

97

98

80

81

90

AZGS Site 23

AZGS Site 24

AZGS Site 25
AZGS Site 26

Tres Alamos Wash

Tres Alamos Wash

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,860

Workmap Series
USGS Topo Quad:
Galleta Flat East

Map 11 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

#0

#0

#0

#0

#0

%2

%2

%2

_̂

_̂

_̂

68

69
70

74

75

78

82

83

84

71

72

73

76

77

79

80

81

AZGS Site 27

AZGS Site 28

AZGS Site 29

Paige Creek

Tres Alamos Wash

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,820

Workmap Series
USGS Topo Quad:

Wildhorse Mountain
Map 12 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

_̂

_̂

_̂

_̂

64

65

66

67

68

69
70

71

72

73

AZGS Site 28

AZGS Site 29

AZGS Site 30

Paige Creek

Hot Springs Canyon Creek

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,780

Workmap Series
USGS Topo Quad:

Soza Mesa
Map 13 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

%2

_̂

_̂

59

60

61

63

64

65

66

67

68

69

56

57

58

62

AZGS Site 30

AZGS Site 31

Paige Creek

Hot Springs Canyon Creek

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,750

Workmap Series
USGS Topo Quad:

Soza Canyon
Map 14 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

%2

44

45

46

47

48

49

50

51

53

55

59

60

52

54

56

57

58

Buehman Canyon Creek

Redfield Canyon Creek

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,710

Workmap Series
USGS Topo Quad:

Redington
Map 15 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

44

45

46

47

48

49

50

51

53

52

54

Buehman Canyon Creek

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,670

Workmap Series
USGS Topo Quad:
Buehman Canyon

Map 16 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

_̂

_̂

38

39

40

41

42

43

44

45

46

47

48

AZGS Site 32

AZGS Site 33

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,670

Workmap Series
USGS Topo Quad:
Kielberg Canyon

Map 17 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

%2

%2

%2

%2%2%2

%2

%2

%2

%2

%2

%2%2%2

%2

%2

%2

_̂

_̂

_̂

_̂

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

AZGS Site 32

AZGS Site 33

AZGS Site 34

AZGS Site 35

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,630

Workmap Series
USGS Topo Quad:
Peppersauce Wash

Map 18 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2%2%2

%2

%2

%2

%2

%2

%2%2%2

%2

%2

%2

%2

%2

%2%2%2

%2

%2

%2

%2

_̂

_̂

_̂

_̂

_̂

23

24

25

26

27

28

29

30

31

32

33

34

35

36

AZGS Site 34

AZGS Site 35

AZGS Site 36

AZGS Site 37

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,600

Workmap Series
USGS Topo Quad:

Clark Ranch
Map 19 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2%2%2

%2

%2%2%2

%2

%2

%2

%2

%2

_̂

_̂

_̂

20

21

22

23

24

25

26

27

28

29

AZGS Site 37

AZGS Site 38

Putnam Wash

Putnam Wash

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,550

Workmap Series
USGS Topo Quad:

Mammoth
Map 20 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2%2%2

%2%2 %2

%2 %2

%2

%2

%2

%2%2%2

%2

%2

%2

%2

%2%2%2

%2

%2

%2

%2

_̂

_̂

0
1 2 3

4

5

7

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

6

AZGS Site 38

AZGS Site 39

Putnam Wash

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,520

Workmap Series
USGS Topo Quad:
Lookout Mountain

Map 21 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2%2 %2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2 %2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2 %2%2

%2%2

%2%2%2

%2

%2

7

2

3

4

5

6

7

8

9

10

11

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,480

Workmap Series
USGS Topo Quad:

Dudleyville
Map 22 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2 %2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2 %2%2

%2%2

%2

%2

%2

%2

%2 %2

0

1

2

3

4

5

6

7

Putnam Wash

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,440

Workmap Series
USGS Topo Quad:

Winkelman
Map 23 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

%2

%2
%2

%2

%2

%2

%2

5

6

7

8

9

10

11

13

14

4

12

1516

Sacaton Wash

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,970

Workmap Series
USGS Topo Quad:

Huachuca City
Map 24 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

14

2122

24

1516
17

1819
2023

25

26

Sacaton Wash

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,930

Workmap Series
USGS Topo Quad:

Mustang Mountains
Map 25 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2

%2

24

23

25

26

27

28

29

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,890

Workmap Series
USGS Topo Quad:

Elgin
Map 26 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2%2%2

_̂

5

7

12

23

24

6

8

9

10

11

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,560

Workmap Series
USGS Topo Quad:

Holy Joe Peak
Map 27 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

7

12

14

15

8

9

10

11

13

16
17

18 19

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,520

Workmap Series
USGS Topo Quad: 

Brandenburg 
Mountain 

Map 28 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

28

30

17

18 19

20
21

22 23 24
25

26

27

29

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,560

Workmap Series
USGS Topo Quad:

Booger Canyon
Map 29 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

28

30

24
25

26

27

29

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,600

Workmap Series
USGS Topo Quad:
Oak Grove Canyon

Map 30 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

%2%2%2%2

28

30

31

32

34

35

37

38

39

40

41

27

29

33

36

42

43

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,630

Workmap Series
USGS Topo Quad:

Klondike
Map 31 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

38

39

40

41

42

43

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,670

Workmap Series
USGS Topo Quad:

Buford Hill
Map 32 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



Revised Subflow Zone
Delineation Report

April 2014

39

40

41

44

45

46

47

48

49

53

54

55

56

57

42

43

50

51

52

Bob Thompson

Peak
Stark

Nicks
ville

Here
ford

Lewis S
prin

gs

Tombston
e SE

Elgin
Must

ang

Mountain
s

Huachuca

City Fairbank

Land

Saint 
David

Benson

Galle
ta Flat

East

Wildhors
e

Mountain

Soza Mesa

Soza Canyo
n

Redington
Buehm

an

Canyon

Kielberg

Canyon
Peppersa

uce

Wash

Clark R
anch

Mam
moth

Looko
ut

Mountain

Winke
lman

Dudleyvil
le

Brandenburg

Mountain Booger

Canyon

Holy 
Joe

Peak
Oak 

Grov
e

Canyon
Klondike

Buford
 Hill

Eureka

Ranch

0 1 2
Miles± 1:27,710

Workmap Series
USGS Topo Quad:

Eureka Ranch
Map 33 of 33

Legend

Disturbed Lands
Disturbed
Ditch
Mining related

Bedrock Units

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Pleistocene River Alluvium
Late Pleistocene river terrace deposits
Middle to late Plesitocene river terrace deposits

Pleistocene river deposits
Early Pleistocene river channel alluvium
Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis
#0 GWSI well in Holocene

River Centerline
Perpendicular to River Centerline

Cottonwood-Willow
Mesquite-Salt Cedar

USFW Riparian

Tributary Drainages

Washes
Major Basins (>50 sqmi)

Holocene Piedmont Alluvium

Holocene Tributary Stream Alluvium

Latest Holocene Alluvium
Late Holocene alluvium
Older Holocene alluvium

Holocene River Alluvium

Flood channel & low terrace deposits
Historical river terrace deposits
Latest Holocene to historical river terrace deposits
Late to early Holocene river terrace deposits

Active river channel deposits

Modern stream channel deposits

Subflow Zone

FHA Extent

Pleistocene Alluvium

Tertiary Piedmont Alluvium



 

 

 

 

 

 

APPENDIX C-1 
 



%2%2

%2%2%2

%2

%2

%2

%2

156

157

154

155

Mexico

18

02

21
2220

1923 20242119

06

0908

16
18

333236353433 3131 32

07111009
07

1208

030405
0601 05 04

171314151617

T23S R21E

T24S R21E

T24S R22E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Bob Thompson Peak
Map 1 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

%2

%2

%2%2

%2%2%2

%2

%2

%2

%2%2%2%2%2%2

_̂153

154

155

Mexico

AZGS Site 1

Greenbush Draw

2120
21 2220

10

0907 081210 110908

17
16 13

343331353332 323634

15

24

0503

221923

03
01 04060205 04

1618141517

T24S R23E

T24S R22E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Stark
Map 2 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

%2

%2

%2%2

%2

%2%2

%2%2%2%2

%2

_̂

_̂

_̂

_̂

141

142

143

154

AZGS Site 6

AZGS Site 7

0406
05

29262829

02

2530

0405060203

06

01

34

211923 24222120
19 20

333236353433 3131
32

2829

232219

1417

242120

16

090711 12090807

28
27

0304
05

0601

0810

30

212019

25 3026

3236 3135

05

33

04

1718131516
18

272829
30

3332
31

T22S R22E

T23S R21E T23S R22E

T24S R21E T24S R22E

T22S R21E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Nicksville
Map 3 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

%2

%2

%2

%2

%2

%2%2

%2%2%2%2

%2

%2%2

%2

%2%2%2

%2%2

%2%2%2%2

%2%2%2%2%2%2

%2%2%2
%2

%2%2 %2

%2

%2 %2 %2

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

141

142

144

145

146

147

148

150

151

152

143

149

153

154

AZGS Site 1

AZGS Site 2

AZGS Site 4

AZGS Site 3

AZGS Site 5

AZGS Site 6

AZGS Site 7

Greenbush Draw

2120

27
282925262729

22

01

03
02 040405 0603 05

23

2421 1922
20

343331353332

23

323634

26272829 25

27

19
24 2220

1715

21

10

0908

15
16

09

3028

121110 07

05
03

08

21

0301

20

282930

22

36353432 31

04060205

34

33 33

04

1314 1817 16

32

T22S R22E T22S R23E

T23S R23E
T23S R22E

T24S R23ET24S R22E
Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Hereford
Map 4 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2%2

%2

%2

%2%2

%2

%2

%2%2

%2

%2

%2%2 %2

%2 %2

%2%2%2%2%2
%2

%2%2%2%2%2%2%2

%2%2%2%2%2%2%2

%2 %2%2

%2

%2

%2

%2

%2
%2

%2

_̂

_̂

_̂

_̂

130

132

133

135

137

138

139

140

141

142

131

134

136

AZGS Site 7

AZGS Site 8

AZGS Site 9

AZGS Site 10

Government Draw

28

16171813141518 1617

29

31

30262728
30 2529

0908071109 1008
1207

212321

33323135343332
31 36

04050601020305 04
06

28
29

040604

232219

0105

20
20

16

18

141618 17

0502

242120

06

1315

03

07

192419

21

09
080711100908

2019

25
30

26

22

12

17

272829
30

T21S R22E

T21S R21E

T22S R22E

T22S R21E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Lewis Springs
Map 5 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

%2%2 %2

%2

_̂

_̂

_̂

_̂

138

139

140

141

142

AZGS Site 7

AZGS Site 8

AZGS Site 9

Government Draw

2527 2628

1617 161718
15

29

27

2830 29

09
08

0908

10
07

0102

21

22

121110

131415

343332

34

32 3331

0304
05

03

040506

23

2423

26272829 25 27

0405060203
04

19
24

2220

0301

20

141516
18

05

21

1617

0807

22
212019

21

35 36

0908

10

20

282930

10

22

09

11 12

15
17 13

T21S R23E
T21S R22E

T22S R22E T22S R23E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Tombstone SE
Map 6 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

%2%2

%2

%2

%2

%2

%2

%2%2

%2

%2

%2

%2%2%2%2%2

%2%2%2%2%2%2%2

%2

%2

_̂

_̂

0

3

5

6

118

120

121

122

123

124

125

127

128

130

132

1

2

4

119

126

129

131

AZGS Site 11

AZGS Site 12

Walnut Gulch

Willow Wash
2930262729 2825 2530

32

3135343231
36

3633

32

35 36 3134333236 31

25
25

04
06

04
01

05

16

0502
06

0712111007 09

05

01

03

08
12 08

0602030506
01

17

13 1814

07 09
080711

20

24 19232220 211924

04

100908

29

30

12

13 18 1517

272829
26

30

T19S R21E T19S R22E

T21S R22E
T21S R21E

T20S R22E

T20S R21E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Fairbank
Map 7 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



$1

$1$1

$1

$1$1 $1$1 $1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1$1

$1
$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

%2

%2%2

%2%2%2%2

%2

%2

%2

%2

%2

%2

%2%2

%2

%2%2%2%2

%2 %2

%2

_̂

_̂

_̂

_̂

_̂

106

107

108

109

110

111

113

114

115

116

117

118

120

112

119

St
Dav

id
Ditc

h

AZGS Site 12

AZGS Site 14

AZGS Site 13

AZGS Site 15

AZGS Site 16

Walnut Gulch

Willow Wash

Sacaton Wash

29

30262729 2825
2530

18

1318 17 1613 1415

08071210 1112 08 0907

17

0106 05 0204
05

06
01

09

32

363536 31 32 313433

20
2423212019

19
2224

32313534323136 3633

20
2324

302528 26273025 2929

1413 18

07
08

17
13151617

1924

22

212019

03

18

08
121107 1012

T18S R21E
T18S R22E

T19S R21E

T19S R22E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Land
Map 8 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



$1

$1

$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1 $1 $1

$1

$1 $1

$1
$1$1

$1

$1

$1

$1

$1

$1

$1
$1

$1

$1
$1

$1$1

$1

$1

$1

$1$1$1

$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1$1

$1

$1

$1 $1

$1 $1$1

$1$1

$1

$1$1

$1

$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1

$1

$1$1

$1

$1

$1

$1

$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1 $1

$1

$1$1

$1
$1

$1
$1$1 $1

$1$1
$1

$1

$1$1$1$1 $1

$1

$1

$1

$1

$1

#0

#0
#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

%2

%2%2

%2%2%2%2

%2

%2

%2%2

%2%2%2%2

%2%2

%2

%2

%2%2%2%2%2%2%2%2%2

%2

%2

%2

_̂

_̂

_̂

_̂

_̂

_̂

_̂

102

103

106

107

108

104

105

S
t D

avid Ditch

AZGS Site 16

AZGS Site 17

AZGS Site 18

AZGS Site 19

Dragoon Wash

20

1921 2322

05

20 24

08

071210 1112 08 0907

36

100712

32

12
07

17
14 18131618 151713

25 2930

3134 3631
32

33

060203
01

05

35

010406

33

36

31

32
32 34 3531

1413 18

24

171315
16

17

36

05

29 28 26 3025
25 29

2730

18

19

06
05

0301 02 0104 06

08
08 09 11

T18S R21E T18S R22E

T17S R22E
T17S R21E

T16S R21E T16S R22E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Saint David
Map 9 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



$1
$1

$1

$1

$1

$1

$1

$1

$1

$1

$1$1

$1

$1

$1

$1
$1

$1
$1

$1 $1

$1

$1

$1

$1

$1

$1$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1

$1

$1
$1

$1

$1$1

$1

$1

$1$1

$1$1$1

$1

$1

$1

$1

$1$1

$1
$1

$1
$1$1 $1

$1

$1$1$1$1

$1$1

$1$1$1$1$1

$1

$1 $1$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1
$1

$1

$1

$1$1

$1

$1

$1

$1

$1

$1
$1

$1

$1

$1

$1

$1

$1
$1

$1

$1$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1
$1

$1

$1$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1

$1$1$1$1$1

$1

$1

$1

$1$1

$1

$1

$1

$1

$1

$1$1$1

$1$1$1$1

$1

$1

$1$1
$1

$1

$1

$1

$1

$1$1$1

$1

$1

$1$1

$1

$1

$1

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0
#0

#0

#0

%2

%2

%2

%2%2%2%2%2%2%2%2%2

%2%2%2%2%2

%2%2%2%2%2

%2

%2
%2

%2

%2

%2

%2

_̂

_̂

_̂

_̂

_̂

_̂

95

96

97

98

99

100

101

102

103

104

AZGS Site 20

AZGS Site 21

AZGS Site 22

AZGS Site 23

12 071109 10080712

1924
23

363231

071211100907
11

0812

181417 16

14

13151813

28

313533 34
36

35

11

010204050602 0603

29302526

01

2320 22

31

13 1814

2421

34 353231
35

36
36

33

2527 3028 262930

19

060102030506

25
26

04

02
01

17 151314 16
18

T17S R20E

T18S R20ET18S R19E

T17S R19E

T16S R20E
T16S R19E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Benson
Map 10 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



$1

$1

$1

$1

$1

$1

$1

$1

$1$1

$1

$1

$1

$1

$1

$1$1

$1

$1
$1

$1

$1

$1

$1

$1 $1

$1 $1

$1

$1

$1

$1

$1

$1

$1

$1 $1

$1

$1

$1

$1

$1

$1 $1

$1

$1

$1

$1$1

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

%2

%2

%2

%2
%2

_̂

_̂

_̂
_̂

82

83

84

85

86

87

88

89

91

92

93

94

95

96

81

90

AZGS Site 24

AZGS Site 25
AZGS Site 26

Tres Alamos Wash

19

232220 2421

2629 283025

30

2527
26

16

31

3532 333136

24

3634
35

1923

242223 19
23212024

17

2527 26

30

28

06

18

141518 131314

293025
26

1211090807
11

12

3134 35
32

3135
36

1314161713

3633

18
18

0710

19

060102

1514

030405
06

01
02

0102

T15S R19E T15S R20E

T16S R20E

T16S R19E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:
Galleta Flat East

Map 11 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



#0

%2

%2

%2

_̂

_̂

_̂

70

74

75

78

82

83

71

72

73

76

77

79

80

81

AZGS Site 27

AZGS Site 28

Paige Creek

23
2220

24
21

30

252628 2729

31

01
0602 04

03
0305

01

35

34

02

121112 10090711 08

30

02030406

3635

0105

3635 31

24
22 232119

24
23

22

07

26

27

20

31

36
353432

25

36

16

33

24 1923

12
11

10

34
32

3331

13

15

17

14

19

141518 131314

02
01

12
09 1107 1008

1813
16 15 141718

06

T15S R19E

T14S R19E

T14S R20E

T15S R20E

T13S R19E T13S R20E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Wildhorse Mountain
Map 12 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

_̂

_̂

_̂
66

67

68

69

70

71

AZGS Site 29

AZGS Site 30

Paige Creek

Hot Springs Canyon Creek

30

302526
27

2829

35

31
36

24
19

2421
1923

232220

363534

2423222120
19

121109 10
07

08

01
06

02

0403 03

05

29
30

1314

141617
18

1813

15

36
35

25

3635

19

26

3332

31

31

06

02

01

2423

3432 33
31

26
25

3025262728

01
020304

06
05

02
01

12
11

06

07

T12S R19E T12S R20E

T14S R19E T14S R20E

T13S R19E

T13S R20E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Soza Mesa
Map 13 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

_̂

_̂

59

60

61

63

64

65

66

67

57

58

62

AZGS Site 30

AZGS Site 31

Paige Creek

Hot Springs Canyon Creek

29 27

28

26

302728 25

35
34333231

21 222423
21 2320

1922

16

3533 34

21

121009

0203

04

0506

3027

14
151718131415

21

16

35
34

19

23

26

2422

3332313635

36

0401 06 050304

02

02

23

20 22

3433

26
2729 2826

03

2528

02

03

11
1007 0811

0104

09

T13S R18E

T12S R19ET12S R18E

T14S R19ET14S R18E

T13S R19E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Soza Canyon
Map 14 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

%2

45

46

47

48

49

50

51

53

55

59

52

54

56

57

58

Redfield Canyon Creek

17 16181315
14

16

25 2729

02
03

29

26
28

2728

02
0304050601

30

26 302728

11 1209

25

02 0104 06

03

21 222423
21 23

201922

15
14

02

0405

14
15161815 14

16

22

04

17
13

21

03

2423

101210 1109

23
22212019

26

11
090807

02

35
3331363533

11
08

34

090710
10

32 34

262728

T12S R19E

T12S R18E

T11S R19E

T11S R18E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Redington
Map 15 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



45

46

48

51

53

52

Buehman Canyon Creek

18 1513141516

17

16

30 29

17

262728

28 29 27302527 28

10

08

09 0908

2629

040602 010304

05

0305

19242221 20 21 2223

20

15
16

171813141516

1923 22

08

04
060204

03

11

2120

03050105

242221

20

08

17

10

07 09121009

333231 34

0711 12 10

36353433

32

25 27

29

28

T12S R18E
T12S R17E

T11S R18ET11S R17E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:
Buehman Canyon

Map 16 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



_̂

_̂40

41

42

43

44

45

46

47

AZGS Site 32

AZGS Site 33

02
03

0604 03 04
05

0102

12

2221

02
0304

05
0601

2321201924 22

07111009

141516

33323136353433

28 26
28252627

272930

02

35
34323136

26

33 34 35

04

33

35
34

03

111009

10
12

22202423 232119

23

10 1109

08

21 22

272830252628 27 29

1109
0807

02

1713 18141516

T9S R19E
T9S R18E

T10S R19E

T10S R18E

T11S R19ET11S R18E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:
Kielberg Canyon

Map 17 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

%2

%2

%2%2%2

%2

%2

%2

%2%2%2

%2

%2

%2

_̂

_̂

_̂

_̂

33

34

35

36

37

38

39

40

41

42

43

44

45

46

AZGS Site 32

AZGS Site 33

04 0405
0303

01 05
02 06

33

32

222121 22 23 201924

100912

08

081009 11 07

3433 333234 36 3135

30
26

282728 25 2929 27

22

333236 313534 34

08

04060204
03

11

0305
01

05

32

08

20

2023 19

20

21

1007
09

121009

21 2224

282925262728
2730

29

151617181416 15 13

17

T9S R17E
T9S R18E

T10S R18E

T10S R17E

T11S R18ET11S R17E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:
Peppersauce Wash

Map 18 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

%2

%2

%2

%2%2%2

%2

%2

%2

%2

%2%2%2

%2

%2

%2

%2

_̂

_̂

_̂

_̂

25

26

27

28

29

30

31

32

33

34

35

AZGS Site 34

AZGS Site 35

AZGS Site 36

AZGS Site 37

04
01 05

32 3331 34

16 15181316 15 14

17

06 030405

2829
29

30

2221
21 22 23

11
10

201924

0809

08

17

16

03

10

02

27
26 2528 27

34 3533 3632

1008 09

3026
282728 25 2929 27

1518 1717
16 15 1314

0907

20

10
12

09 11
08

12
07

21 22
20

2024 19 222123

T9S R17E T9S R18E

T8S R18E

T8S R17E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Clark Ranch
Map 19 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2%2%2%2%2%2

%2

%2

%2

%2

_̂

_̂

21

22

23

24

25

26

27

AZGS Site 37

AZGS Site 38Putnam Wash

04

161818 13

31
35

31
32 34

17
17 15

36
33

01

16
14

06 05
0405

06

30 29 28

0203

25 292627

1108
10

21

12 090707 0809

14 131518 1617

07

28
30

1108 09 10

33
32

28

30 29
26272829

30 25

18
17

16

20

2423222119
1920

09

08

1207

21
2019

242319 20 21 22

T9S R17ET9S R16E

T8S R17E

T8S R16E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Mammoth
Map 20 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2%2%2

%2%2 %2

%2 %2

%2

%2

%2

%2

%2

%2

%2

%2%2%2

%2

%2

_̂

_̂

0

1 2 3
4

5

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

6

AZGS Site 39

Putnam Wash

Putnam Wash

Putnam Wash

2930 26

06

06
0402

05

313332
33

34

2829302528

16
17

13

27

16
14

18 17 15

161818 13 1717 15

32
31

35 36

18

31

16 14

25

11

33323135 3634

030405

08 10

33

12 090707 08
09

01

09071208
08

28

11

19242220

09

19

29
30

27

2321

28

1007

040506010203040506

2120

32

30
26 29

T7S R17E

T7S R16E

T8S R17E
T8S R16E

T6S R17E
T6S R16E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:
Lookout Mountain

Map 21 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2 %2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2 %2%2

%2%2

%2

3

4

5

6

7

8

9

10

10
07

08 07

18

28

0908

16

29
30

26

17

21
19

04

03
0405

06

09

2829302528

20

27

3231

29
30

1613 1718
1517

18

33323135 36
34

16

211924 20

33

0807 09

32 33
31

2221 23
20

19

T6S R17E

T5S R16E

T6S R16E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Dudleyville
Map 22 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2 %2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2

%2 %2

0

1

2

3

4

5

07

18
13

13
14

10

03

12
09 10

07
0812 1111

3030

16 15 141718

19
2421

23

060102
0304050601

02

2320

24

19

28 2729 26 25

22

2526
27

31

2628

25
30

1313 18 17 1515 16 1414 18

21 22

363533323135 343634

11 12 07100908071211

252930
26

27

35

353433

3136

19
20

24
24 23

31
3632

23
22

19

T6S R15E

T5S R16ET5S R15ET5S R14E

T6S R16E

T6S R14E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Winkelman
Map 23 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

%2

5

6

7

8

9

10

11

13

14

12

15

Sacaton Wash

25272829 30263026 25

3336
35

3136
3431 32 35

36 313533 34

11

14

11 12

30 25

36
35

19

32

0102

1415161813

0406
02 01

17

0605

07
1110090812

03

12
07

24

0601030405
02

07
12

23

192423222120

02
0601

0908
11

1007

13 18

31

2628 302729

26
25

T21S R19E

T19S R20ET19S R19E

T21S R20E

T20S R20E

T20S R19E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Huachuca City
Map 24 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



21
22

24

1516

17

1819

2023

25

Sacaton Wash

252728 2626 2728

35
3433 3331 32

2930

363534

15
16

18

363534
33

11
09

10

14
17

10

10 1112 08 0911 1207

22

25

07

35
333231 34

0102
03

1415

05 04 02
01

06

13
16

03

11 12
09

10

2119 20

03 02
04

02
0306

23
22

24

23

2221

01
0405

2627
28 272829

26
30

08

T20S R18E

T21S R19E

T19S R18E
T19S R19E

T21S R18E

T20S R19E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Mustang Mountains
Map 25 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2

%2

24

25

26

27

28

29

272829

32 33

34

13 18

3436 33
33 31 32

10

28 25

1922

03

2423

3534

030501

15
17

02
04

16

06

0908

10
07

03

040506

111009 09080712

222120

27
2826 3027 29

T20S R18E

T21S R17E

T19S R18E

T21S R18E

T20S R17E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Elgin
Map 26 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



5

7

6

8

9

10 2830 29 27

0406
0102

0305
04 03

05

33 3435 36 3233

2526
2829

16

17

27

16 15181316 15 1417

1718 1514 1315 16

32
3431

36353433

32

33

04 0302 050601

1110 08
0908

17

28

09 1012 071109 10 08

08

293028 27 27

3134

0907 1012

0304
05

212019 2223 242221

20

32

2526

29

T8S R18E

T7S R18ET7S R17E

T8S R17E

T6S R17E T6S R18E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Holy Joe Peak
Map 27 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



12

14

15

9

10

11

13

16

17

18

0807
1009

08

28 27

2830 29 27

03040506
020304 01

252628

29

27

22

1516

32
3431

17

36
35343332

33

21 222019
24232221

20

151618 17
1314

10
11 12

09

33 343231

T6S R17E

T5S R18E

T6S R18E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Brandenburg Mountain
Map 28 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



28

18 19

20
21

22 23
24

25

26

27

29

110908

14
1518

2628252628 27

17

272628
30 29

2527 28

2729

0405
06

010203
04

23212019242322

30

22

14

353432
313534

33
3633

23 22
21

22 21
19

20
24

03

26

02

23

15131415
16 1617

18

11

12 101110
07

09

343332313633
35

34 35

T6S R19E

T5S R19ET5S R18E

T6S R18E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Booger Canyon
Map 29 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



28

26

27

29

272628 30 292527 28

02
0405 03

0102

04

0603

33
31

33 3534

35
32

18

1314

16 1315

09
11

08 10

14

07

1617 15

15

14

16

34

02

030405
06

35
3432

31
3534 333633

04 010203

26

11

080711 12

141618 1517

28 26

1209 10 11

29
30

2527

21 22
23

20
19

36

100909 10

21 2422 23

28 27
26

T8S R19ET8S R18E

T7S R18E

T6S R19ET6S R18E

T7S R19E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:
Oak Grove Canyon

Map 30 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



%2%2%2%2

28

30

31

32

34

35

37

38

39

40

29

33

36

06
02

05

36
35

0908
11

0712

30

363532 33 313431

0711

25262725 28

1814

1210

13
15161718

14
13

0405
06

01
02

03

03

353436 32
35

151617

3331

18

26 2930

11

131415

01 0602

181314

060103 020401

31

07

36

23 24
1921

26

201924

23

1211100908
07

12

10

22

25
3025

27
28293026

T8S R19E

T7S R20E

T8S R20E

T6S R19E T6S R20E

T7S R19E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Klondike
Map 31 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



39

40

41

42

43

29
30

19 20

08

262729 2528
30

36

3231

13

1211 07 0810090807

25

1814 17151617
18

12

13

24

05

01

06 060105 04 03 02

131416 151813 17

353433 36

050305
01 06

06
01

32

0204

31 32
31

07

33

08 1007 11 12

36

26

09

17

2120

24

19

18

29

2322

25 3027

12

28
29

3235 3634 31

25

30

T8S R22E

T7S R21E T7S R22E

T8S R21E

T6S R21E T6S R22E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Buford Hill
Map 32 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



41

44

45

46

47

48

49

53

54

55

56

42

43

50

51

52

08

2219

08

05
0103

20

19

242320 2124

20

252630 2729

0602040506
01

2825

15171813 16

131416 151813

181314 17

17

32

31363531 32 33 3436

30
29

1110090807
12

29
30252629 27283025

07
08

1007
11 12

23

09

1924

17
18

12

2219 212024

0712

T8S R22E

T8S R21E

T9S R22E

T9S R21E

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Bob Tho
mpso

n

Peak
Stark

Nick
sv

ille

Here
for

d

Le
wis 

Spri
ng

s

To
mbsto

ne S
E

Elgin
Mus

tan
g

Mou
ntai

ns

Hua
ch

uc
a

City
Fairb

ank

La
nd

Saint
 D

avid

Benso
n

Gall
eta

 Flat

East

W
ild

hors
e

Mou
ntai

n

Soza
 M

esa

Soza
 C

any
on

Red
ington

Buehm
an

Can
yo

n

Kielberg

Can
yo

n

Peppe
rsa

uc
e

Wash

Clark 
Ranc

h

Mam
moth

Lo
ok

ou
t

Mou
ntai

n

W
ink

elm
an

Dud
leyv

ille

Bra
nde

nb
urg

Mou
ntai

n
Booge

r

Can
yo

n

Holy
 Jo

e

Peak
Oak

 G
rov

e

Can
yo

n

Klond
ike

Bufor
d H

ill

Eure
ka

Ran
ch

0 1 2
Miles ±Basemap: ESRI World Imagery with Topography

Revised Subflow Zone
Delineation Report

April 2014

Workmap Series
with Imagery 

and Topography
USGS Topo Quad:

Eureka Ranch
Map 33 of 33

1:24,000

Tertiary Basin Fill Allivuium

Pleistocene Piedmont Alluvium

Late Pleistocene river terrace deposits

Middle to late Plesitocene river terrace deposits

Early Pleistocene river channel alluvium

Quaternary hillslope talus & colluvium

Early to middle Pleistocene river terrace deposits

Tertiary Piedmont Alluvium

Legend

Disturbed Lands
Disturbed

Ditch

Mining related

Bedrock Units

Pleistocene river deposits

Historic Composite
Active Floodplain

_̂ AZGS Sites

Professional Log%2

Driller's Log$1

Well Logs

Water Level Analysis

#0 GWSI well in Holocene
River Centerline

Perpendicular to River Centerline

Cottonwood-Willow

Mesquite-Salt Cedar

USFW Riparian

Holocene Piedmont Alluvium

Pleistocene Alluvium

Pleistocene River Alluvium

Holocene Tributary Stream Alluvium

Holocene River Alluvium
Active river channel deposits

Flood channel & low terrace deposits

Historical river terrace deposits

Latest Holocene to historical river terrace deposits

Late to early Holocene river terrace deposits

Modern stream channel deposits

Latest Holocene Alluvium

Late Holocene alluvium

Older Holocene alluvium

Tributary Drainages

Major Basins (>50 sqmi)

Washes

FHA Extent

Subflow Zone



 

 

 

 

 

 

APPENDIX D 
 



 

 

 

 

 

 

APPENDIX D-1 
 



Appendix D-1 Professional-level Lithology Logs Table

# Source Cadastral Location Other Location
Approximate 

River Mile

Well Depth 

(ft)
Court Exhibit Reference Identification

1 Wells55 55- 588973 D24022008DBA 155 17

2 Wells55 55- 588975 D24022008DBA 155 19

3 Wells55 55- 588968 D24022004CBC 154 68

4 Wells55 55- 588969 D24022004CBC 154 36

5 Wells55 55- 588970 D24022004CBA 154 25

6 Wells55 55- 588971 D24022004CBA 154 32

7 Wells55 55- 588972 D24022004CBA 154 21

8 Wells55 55- 588974 D24022004CBA 154 16

9 Wells55 55- 588939 D24022004ADD 153 49

10 ADOT (STR 449) Palominas Bridge 153 40 Test Hole 1

11 ADOT (STR 449) Palominas Bridge 153 32 Test Hole 2

12 ADOT (STR 449) Palominas Bridge 153 19 Test Hole 3

13 ADOT (STR 449) Palominas Bridge 153 27 Test Hole 4

14 ADOT (STR 449) Palominas Bridge 153 24 Test Hole 5

15 ADOT (STR 449) Palominas Bridge 153 38 Test Hole 6

16 Wells55 55- 588965 D23022022CBB 150 20

17 Wells55 55- 588966 D23022022CBB 150 20

18 Wells55 55- 588967 D23022022CBB 150 16

19 ADOT (STR 10597) Hereford Road Bridge 148 50 B-1

20 ADOT (STR 10597) Hereford Road Bridge 148 60 B-2

21 ADOT (STR 10597) Hereford Road Bridge 148 60 B-3

22 ADOT (STR 10597) Hereford Road Bridge 148 50 B-4

23 Wells55 55- 522010 D23022009ADA 147 9

24 Wells55 55- 588950 D23022004DCA 146 58

25 Wells55 55- 588951 D23022004DCA 146 58

26 Wells55 55- 588952 D23022004DCD 146 13

27 Wells55 55- 588953 D23022004DCD 146 21

28 Wells55 55- 588954 D23022004DCD 146 20

29 Wells55 55- 588955 D23022004DCD 146 26

30 Leonard Rice Engineers Hereford Meander 146 40 SRP 036, FMC 023 Hereford No. 1 (1HR)

31 Leonard Rice Engineers Hereford Meander 146 63 SRP 036, FMC 023 Hereford No. 2 (2HR)

32 Leonard Rice Engineers Hereford Meander 146 65 SRP 036, FMC 023 Hereford No. 3 (3HR)

33 Wells55 55- 588961 D22022033BBC 143 31

34 Wells55 55- 588962 D22022028CCA 143 14

35 Wells55 55- 588963 D22022028CCA 143 15

36 Wells55 55- 588964 D22022028CCD? 143 15

37 Wells55 55- 588943 D22022017BDD 140 24

38 Wells55 55- 588944 D22022017BDD 140 68

39 Wells55 55- 588945 D22022017ACC 140 58

ADWR 

Registration 

Number



Appendix D-1 Professional-level Lithology Logs Table

# Source Cadastral Location Other Location
Approximate 

River Mile

Well Depth 

(ft)
Court Exhibit Reference Identification

ADWR 

Registration 

Number

40 Wells55 55- 219444 D22022005CBB 137 125

41 Wells55 55- 588946 D22022006AAB 137 20

42 Wells55 55- 588947 D22022006AAA 137 19

43 ADOT (STR 425) State Route 90 Bridge 137 60 Test Hole 1

44 ADOT (STR 425) State Route 90 Bridge 137 40 Test Hole 2

45 ADOT (STR 425) State Route 90 Bridge 137 34 Test Hole 3

46 ADOT (STR 425) State Route 90 Bridge 137 41 Test Hole 4

47 ADOT (STR 425) State Route 90 Bridge 137 41 Test Hole 5

48 ADOT (STR 425) State Route 90 Bridge 137 47 Test Hole 6

49 Leonard Rice Engineers Lewis Springs Bridge 135 58 1LS

50 Leonard Rice Engineers Lewis Springs Bridge 135 40 2LS

51 Leonard Rice Engineers Lewis Springs Bridge 135 40 4LS

52 Leonard Rice Engineers Lewis Springs Bridge 135 40 5LS

53 Leonard Rice Engineers Lewis Springs Bridge 135 41 6LS

54 Leonard Rice Engineers Lewis Springs Bridge 135 120 LS-A

55 Leonard Rice Engineers Lewis Springs Bridge 135 130 SRP 030 LS-B

56 Wells55 55- 588930 D21021013BAC 132 24

57 Wells55 55- 588931 D21021013BAB 132 13

58 Wells55 55- 588932 D21021013BAB 132 20

59 Wells55 55- 588933 D21021013BAC 132 32

60 Wells55 55- 588934 D21021013BAB 132 21

61 Leonard Rice Engineers Charleston Bridge 131 32 Boring 3CH

62 Leonard Rice Engineers Charleston Bridge 131 60 Boring 4CH

63 Leonard Rice Engineers Charleston Bridge 131 32 Boring 5CH

64 Leonard Rice Engineers Charleston Bridge 131 70 Boring 6CH

65 Leonard Rice Engineers Charleston Bridge 131 135 SRP 029 Boring CH-A

66 Leonard Rice Engineers Charleston Bridge 131 115 Boring CH-B

67 Leonard Rice Engineers Charleston Bridge 131 90 Boring CH-C

68 Wells55 55- 590131 D20021026CBA 127 40

69 Wells55 55- 590132 D20021026CBA 127 30

70 Wells55 55- 590133 D20021026BCC 127 40

71 Wells55 55- 588936 D20021022ACB 126 16

72 Wells55 55- 588958 D20021015DBD 124 15

73 Wells55 55- 588959 D20021015DDB 124 36

74 Wells55 55- 590606 D20021015DBD 124 16

75 Wells55 55- 588929 D20021010AAC 122 49

76 Wells55 55- 590609 D20021003BAC 121 23

77 Wells55 55- 588956 D19021021ACC 117 32

78 Wells55 55- 588957 D19021021ACC 117 15



Appendix D-1 Professional-level Lithology Logs Table

# Source Cadastral Location Other Location
Approximate 

River Mile

Well Depth 

(ft)
Court Exhibit Reference Identification

ADWR 

Registration 

Number

79 Wells55 55- 588940 D19021009CBC 114 38

80 Stetson Engineers 1994 Saint David Test Hole 112 99 SRP 035, FMC 023

81 Wells55 55- 213890 D18021018ABA 107 96

82 Wells55 55- 579855 D18021018ABB 107 38

83 Wells55 55- 579860 D18021007DCC 107 46

84 Wells55 55- 579861 D18021007DCC 107 59

85 Wells55 55- 579869 D18021007DCC 107 55

86 Wells55 55- 579870 D18021007DCC 107 52

87 Wells55 55- 213889 D18021007DAA 106 89

88 Wells55 55- 579872 D18021008BBC 106 130

89 Wells55 55- 579874 D18021008BBC 106 160

90 Wells55 55- 579877 D18021008BBC 106 130

91 Wells55 55- 579875 D18021007AAA 105 27

92 ADOT (STR 609) St. David Bridge 104 50 No. 1

93 ADOT (STR 609) St. David Bridge 104 50 No. 1A

94 ADOT (STR 609) St. David Bridge 104 36 No. 2

95 ADOT (STR 609) St. David Bridge 104 34 No. 4

96 ADOT (STR 609) St. David Bridge 104 21 No. 5

97 ADOT (STR 609) St. David Bridge 104 44 No. 6

98 ADOT (STR 609) St. David Bridge 104 52 No. 7

99 ADOT (STR 609) St. David Bridge 104 36 No. 8

100 Wells55 55- 215011 D17020023ACA 101 55

101 Wells55 55- 911548 D17020010DCB 99 25

102 Leonard Rice Engineers Benson Bridge 99 60 1WB

103 Leonard Rice Engineers Benson Bridge 99 60 SRP 032 2AEB

104 Leonard Rice Engineers Benson Bridge 99 30 2EB

105 Leonard Rice Engineers Benson Bridge 99 118 SRP 032 5WB

106 Leonard Rice Engineers Benson Bridge 99 60 7EB

107 ADOT (STR 1530) I-10 Bridge 99 60 No. 2A

108 ADOT (STR 1530) I-10 Bridge 99 60 No. 7

109 ADOT (STR 1530) I-10 Bridge 99 60 No. 1

110 ADOT (STR 1530) I-10 Bridge 99 108 No. 5

111 Wells55 55- 215009 D15020021CAB 83 85

112 Wells55 55- 912839 D10018008ACB 38 90

113 Wells55 55- 557300 D09017036DAD 36 228

114 Wells55 55- 909430 D09017025DBB 34 1013

115 Wells55 55- 909431 D09017025DBB 34 257

116 Wells55 55- 909432 D09017025DBB 34 111

117 Wells55 55- 530124 D09017023BCA 32 1000 SRP 033



Appendix D-1 Professional-level Lithology Logs Table

# Source Cadastral Location Other Location
Approximate 

River Mile

Well Depth 

(ft)
Court Exhibit Reference Identification

ADWR 

Registration 

Number

118 Wells55 55- 559245 D09017022DBC 32 315

119 Wells55 55- 557296 D09017015DCB 31 241

120 Wells55 55- 903565 D07020006CAC 31 82

121 Wells55 55- 903566 D07020006CAC 31 83

122 Wells55 55- 903567 D07020006CAC 31 84

123 Wells55 55- 903568 D07020006CAC 31 82

124 Wells55 55- 624620 D09017009ACB 29 1435

125 Wells55 55- 528575 D08017018CDA 24 75

126 Wells55 55- 528576 D08017018CDA 24 78

127 Wells55 55- 528577 D08017018CDA 24 78

128 Wells55 55- 912804 D07016010CAD 14 30

129 Wells55 55- 912807 D07016009DDB 14 185

130 Wells55 55- 912805 D07016010CAB 13 90

131 Wells55 55- 912806 D07016010BDB 13 30

132 Wells55 55- 912838 D07016009DCB 13 35

133 Wells55 55- 912835 D07016004BAC 11 18

134
SRP Adobe Observation 

Well
55- 912836 D07016004BBC 11 90 SRP 034

135 Wells55 55- 912837 D07016005AAD 11 30

136 Geosystems/TNC Report 55- 569971 6 40 TNC 017 Fig. 11 PZ-J

137 Geosystems/TNC Report 55- 569976 6 20 TNC 017 Fig. 10 PZ-I

138 Geosystems/TNC Report 55- 569977 6 18 TNC 017 Fig. 8 PZ-G

139 Geosystems/TNC Report 55- 569978 6 27 TNC 017 Fig. 12 PZ-K

140 Geosystems/TNC Report 55- 569984 6 18 TNC 017 Fig. 13 PZ-L

141 Geosystems/TNC Report 55- 569986 6 17 TNC 017 Fig. 9 PZ-H

142 Geosystems/TNC Report 55- 569990 6 15 TNC 017 Fig. 7 PZ-F

143 FMC/TNC exhibits 55- 570118 D06016008CBA 6 81
FMC 024-13; TNC 014 & 

TNC 017 Fig. 1

144 Geosystems/TNC Report 55- 570461 6 15 TNC 017 Fig. 6 PZ-E

145 Geosystems/TNC Report 55- 570462 6 10 TNC 017 Fig. 4 PZ-C



Appendix D-1 Professional-level Lithology Logs Table

# Source Cadastral Location Other Location
Approximate 

River Mile

Well Depth 

(ft)
Court Exhibit Reference Identification

ADWR 

Registration 

Number

146 Geosystems/TNC Report 55- 570463 6 15 TNC 017 Fig. 3 PZ-B

147 Geosystems/TNC Report 55- 570464 6 15 TNC 017 Fig. 2 PZ-A

148 Geosystems/TNC Report 55- 570465 6 16 TNC 017 Fig. 5 PZ-D

149 Geosystems/TNC Report 55- 569970 5 53 TNC 017 Fig. 19 PZ-S

150 Geosystems/TNC Report 55- 569980 5 30 TNC 017 Fig. 16 PZ-P

151 Geosystems/TNC Report 55- 569981 5 27 TNC 017 Fig. 14 PZ-N

152 Geosystems/TNC Report 55- 569982 5 22 TNC 017 Fig. 15 PZ-O

153 Geosystems/TNC Report 55- 569985 5 22 TNC 017 Fig. 18 PZ-R

154 Geosystems/TNC Report 55- 569993 5 35 TNC 017 Fig. 17 PZ-Q

155 Geosystems/TNC Report 55- 569973 4 52 TNC 017 Fig. 24 PZ-Y

156 Geosystems/TNC Report 55- 569979 4 25 TNC 017 Fig. 21 PZ-U

157 FMC/TNC exhibits 55- 569983 4 20
FMC 024-09; TNC 014 & 

TNC 017 Fig . 25
D05016031CCC/PZ-Z

158 Geosystems/TNC Report 55- 569987 4 20 TNC 017 Fig. 20 PZ-T

159 Geosystems/TNC Report 55- 569989 4 25 TNC 017 Fig. 22 PZ-V

160 Geosystems/TNC Report 55- 569991 4 32 TNC 017 Fig. 23 PZ-X

161 Geosystems/TNC Report 55- 569968 2 50 TNC 017 Fig. 27 PZ-BB

162 Geosystems/TNC Report 55- 569988 2 28 TNC 017 Fig. 28 PZ-DD

163 Geosystems/TNC Report 55- 569992 2 37 TNC 017 Fig. 26 PZ-AA

164 Geosystems/TNC Report 55- 569974 1 20 TNC 017 Fig. 30 PZ-GG



Appendix D-1 Professional-level Lithology Logs Table

# Source Cadastral Location Other Location
Approximate 

River Mile

Well Depth 

(ft)
Court Exhibit Reference Identification

ADWR 

Registration 

Number

165 Geosystems/TNC Report 55- 570466 1 10 TNC 017 Fig. 29 PZ-EE

166 Geosystems/TNC Report 55- 570467 1 10 TNC 017 Fig. 31 PZ-HH

167 Wells55 55- 541149 D05015023000 0 150
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Appendix D-2 Driller Logs Table

# Source

ADWR 

Registration 

Number

GWSI Site ID Cadastral Location
Approximate 

River Mile

Well Depth 

(ft)

1 Wells 35 55- 641754 D15020031CAA 86 to 89 380

2 Wells 55 55- 502650 D15020031CAC 86 to 89 400

3 Wells 55 55- 503013 D15020031CAD 86 to 89 425

4 Wells 55 55- 520514 D15020031CAD 86 to 89 615

5 Wells 35 D15020031CAD 86 to 89 540

6 Wells 55 55- 532685 D15020031CCB 86 to 89 510

7 Wells 55 55- 548257 D15020031CDD 86 to 89 700

8 Wells 35 55- 600472 D15020031DBA 86 to 89 50

9 Wells 35 55- 600470 D15020031DCB 86 to 89 128

10 Wells 35 55- 600473 D15020031DCB 86 to 89 58

11 GWSI 55- 617962 320516110203401 D-15-20 31BDC 86 to 89 124

12 GWSI 55- 600471 320509110201201 D-15-20 31DBB 86 to 89 115

13 GWSI 320502110200401 D-15-20 31DBD 86 to 89 136

14 Wells 55 55- 556314 D16019001AAA 86 to 89 525

15 Wells 55 55- 568894 D16019001ADC 86 to 89 660

16 Wells 55 55- 597667 D16019001ADC 86 to 89 690

17 Wells 55 55- 565388 D16019001DAA 86 to 89 632

18 Wells 55 55- 584760 D16019001DBA 86 to 89 664

19 Wells 35 D16019001DCA 86 to 89 550

20 Wells 35 D16019012DAB 86 to 89 112

21 Wells 35 D16020004BBB 86 to 89 543

22 Wells 55 55- 510012 D16020005BBB 86 to 89 127

23 Wells 55 55- 583307 D16020006BAC 86 to 89 688

24 Wells 55 55- 562813 D16020006BBB 86 to 89 605

25 Wells 55 55- 534449 D16020006BCC 86 to 89 615

26 Wells 55 55- 521742 D16020006BDD 86 to 89 120

27 Wells 55 55- 531152 D16020007AAC 86 to 89 810

28 Wells 35 D16020008BBC 86 to 89 119

29 GWSI 55- 605076 320341110210901 D-16-19 12ABD1 86 to 89 110

30 GWSI 55- 608336 320337110211301 D-16-19 12ACA1 86 to 89 108

31 GWSI 55- 801843 320411110200801 D-16-20 06DAB 86 to 89 114

32 GWSI 320348110194001 D-16-20 08BAB 86 to 89 110

33 GWSI 55- 613519 320343110195101 D-16-20 08BBC1 86 to 89 125

34 GWSI 55- 087345 320332110195101 D-16-20 08BCC 86 to 89 128

35 Wells 55 55- 202860 D17020001BCC 96 to 99 500



Appendix D-2 Driller Logs Table

# Source

ADWR 

Registration 

Number

GWSI Site ID Cadastral Location
Approximate 

River Mile

Well Depth 

(ft)

36 Wells 55 55- 549707 D17020002ADD 96 to 99 510

37 Wells 35 D17020002BCA 96 to 99 95

38 Wells 55 55- 564240 D17020002BCB 96 to 99 500

39 Wells 55 55- 572156 D17020002BCB 96 to 99 400

40 Wells 35 D17020002CC0 96 to 99 800

41 Wells 35 D17020003AAC 96 to 99 126

42 Wells 55 55- 550356 D17020003ACB 96 to 99 610

43 Wells 55 55- 556128 D17020003ACB 96 to 99 740

44 Wells 35 55- 627407 D17020003CCB 96 to 99 791

45 Wells 55 55- 596798 D17020003DCB 96 to 99 151

46 Wells 55 55- 513059 D17020004ADD 96 to 99 860

47 Wells 35 D17020004DAA 96 to 99 300

48 Wells 35 55- 644365 D17020004DAD 96 to 99 915

49 Wells 35 D17020004DDD 96 to 99 750

50 Wells 55 55- 516718 D17020009DAA 96 to 99 1176

51 Wells 55 55- 550672 D17020010AAC 96 to 99 500

52 Wells 55 55- 617948 D17020010ADB 96 to 99 765

53 Wells 35 55- 603023 D17020010BBD 96 to 99 1100

54 Wells 35 D17020010BCA 96 to 99 750

55 Wells 55 55- 219265 D17020010BCC 96 to 99 97

56 Wells 35 D17020010C00 96 to 99 815

57 Wells 35 D17020010CB0 96 to 99 923

58 Wells 55 55- 596559 D17020010CBC 96 to 99 60

59 Wells 55 55- 558860 D17020010CBC 96 to 99 65

60 Wells 55 55- 596558 D17020010CBC 96 to 99 90

61 Wells 55 55- 596560 D17020010CBC 96 to 99 65

62 Wells 55 55- 596561 D17020010CBC 96 to 99 65

63 Wells 55 55- 900851 D17020010CBC 96 to 99 78

64 Wells 55 55- 903206 D17020010CBC 96 to 99 77

65 Wells 55 55- 545151 D17020010CBC 96 to 99 25

66 Wells 55 55- 522295 D17020010CBC 96 to 99 60

67 Wells 35 D17020010D00 96 to 99 680

68 Wells 35 D17020010DD0 96 to 99 707

69 Wells 55 55- 588497 D17020010DDB 96 to 99 40

70 Wells 55 55- 588498 D17020010DDB 96 to 99 40



Appendix D-2 Driller Logs Table

# Source

ADWR 

Registration 

Number

GWSI Site ID Cadastral Location
Approximate 

River Mile

Well Depth 

(ft)

71 Wells 55 55- 588499 D17020010DDB 96 to 99 40

72 Wells 55 55- 546393 D17020010DDB 96 to 99 30

73 Wells 55 55- 546394 D17020010DDB 96 to 99 40

74 Wells 55 55- 546395 D17020010DDB 96 to 99 46

75 Wells 55 55- 546396 D17020010DDB 96 to 99 49

76 Wells 55 55- 546392 D17020010DDB 96 to 99 50

77 Wells 55 55- 551634 D17020010DDB 96 to 99 45

78 Wells 55 55- 551635 D17020010DDB 96 to 99 45

79 Wells 55 55- 570165 D17020010DDB 96 to 99 50

80 Wells 35 D17020011ABA 96 to 99 82

81 Wells 55 55- 217753 D17020011BAD 96 to 99 500

82 Wells 35 D17020011BBA 96 to 99 80

83 Wells 35 55- 646778 D17020011CAC 96 to 99 575

84 Wells 35 55- 500566 D17020011CDC 96 to 99 120

85 Wells 35 D17020011DDD 96 to 99 100

86 Wells 55 55- 575136 D17020012CAC 96 to 99 400

87 Wells 55 55- 562411 D17020012CBA 96 to 99 493

88 Wells 55 55- 573398 D17020012CBA 96 to 99 492

89 Wells 35 55- 603101 D17020012CBA 96 to 99 443

90 Wells 55 55- 501466 D17020012CCB 96 to 99 500

91 Wells 35 55- 622190 D17020013BCC 96 to 99 410

92 Wells 35 55- 600743 D17020014ADA 96 to 99 475

93 Wells 55 55- 513565 D17020014ADC 96 to 99 445

94 Wells 35 D17020014BCA 96 to 99 85

95 Wells 35 D17020015AA0 96 to 99 700

96 GWSI 315910110161601 D-17-20 02ACC 96 to 99 750

97 GWSI 315928110162401 D-17-20 02BAA 96 to 99 860

98 GWSI 315922110162301 D-17-20 02BAD1 96 to 99 580

99 GWSI 55- 610353 315902110162301 D-17-20 02CAA 96 to 99 123

100 GWSI 315922110165601 D-17-20 03AAD 96 to 99 118

101 GWSI 55- 530046 315918110165501 D-17-20 03ADA3 96 to 99 120

102 GWSI 55- 621495 315843110174601 D-17-20 03CCC2 96 to 99 800

103 GWSI 55- 521867 315914110181901 D-17-20 04ACB 96 to 99 1000

104 GWSI 55- 506220 315921110183301 D-17-20 04BAC 96 to 99 1002

105 GWSI 55- 611562 315831110180401 D-17-20 09AAC 96 to 99 937



Appendix D-2 Driller Logs Table

# Source

ADWR 

Registration 

Number

GWSI Site ID Cadastral Location
Approximate 

River Mile

Well Depth 

(ft)

106 GWSI 55- 611563 315831110175601 D-17-20 09AAD 96 to 99 990

107 GWSI 315832110171001 D-17-20 10ABD 96 to 99 62

108 GWSI 315817110160901 D-17-20 11ACD 96 to 99 127

109 GWSI 55- 600091 315824110163901 D-17-20 11BCA 96 to 99 50

110 GWSI 55- 515181 315752110162201 D-17-20 11CDD3 96 to 99 600

111 Wells 35 D17020035DCB 104 to 106 618

112 Wells 35 55- 637519 D17020035DDC 104 to 106 640

113 Wells 55 55- 217844 D17020035DDC 104 to 106 643

114 Wells 55 55- 646492 D17020035DDD 104 to 106 630

115 Wells 55 55- 214953 D17020035DDD 104 to 106 690

116 Wells 55 55- 545449 D17020036CAD 104 to 106 520

117 Wells 55 55- 545451 D17020036CAD 104 to 106 560

118 Wells 55 55- 508401 D17020036CCA 104 to 106 140

119 Wells 55 55- 200246 D17020036CCB 104 to 106 630

120 Wells 55 55- 205946 D17020036CCB 104 to 106 600

121 Wells 55 55- 578675 D17020036CCD 104 to 106 585

122 Wells 55 55- 085110 D17020036CDA 104 to 106 500

123 Wells 55 55- 544251 D17020036CDB 104 to 106 650

124 Wells 55 55- 204222 D17020036CDC 104 to 106 766

125 Wells 55 55- 805150 D17020036CDC 104 to 106 630

126 Wells 55 55- 518592 D17020036DBC 104 to 106 109

127 Wells 55 55- 204536 D17020036DCB 104 to 106 540

128 Wells 55 55- 553774 D17020036DCB 104 to 106 640

129 Wells 55 55- 215849 D17020036DCC 104 to 106 133

130 Wells 35 55- 642508 D17020036DD0 104 to 106 650

131 Wells 35 D17020036DDB 104 to 106 510

132 Wells 55 55- 503534 D17020036DDC 104 to 106 125

133 Wells 55 55- 544250 D17020036DDC 104 to 106 515

134 Wells 55 55- 501649 D17020036DDD 104 to 106 125

135 Wells 35 D17021031DAD 104 to 106 380

136 Wells 55 55- 594823 D17021031DCC 104 to 106 155

137 Wells 55 55- 217960 D17021031DCD 104 to 106 436

138 Wells 55 55- 220929 D17021031DDA 104 to 106 375

139 Wells 55 55- 594574 D17021031DDD 104 to 106 140

140 Wells 35 55- 642081 D17021032CCA 104 to 106 300



Appendix D-2 Driller Logs Table

# Source

ADWR 

Registration 

Number

GWSI Site ID Cadastral Location
Approximate 

River Mile

Well Depth 

(ft)

141 Wells 35 D17021032DCC 104 to 106 105

142 GWSI 55- 505755 315420110151801 D-17-20 36DCC 104 to 106 500

143 GWSI 55- 607860 315427110140601 D-17-21 31DCA1 104 to 106 132

144 GWSI 55- 611467 315426110140501 D-17-21 31DCA2 104 to 106 320

145 GWSI 315422110141401 D-17-21 31DCC 104 to 106 112

146 GWSI 55- 607858 315422110133601 D-17-21 32CCD2 104 to 106 355

147 GWSI 315423110133701 D-17-21 32CCD3 104 to 106 103

148 GWSI 315423110132701 D-17-21 32CDC1 104 to 106 590

149 Wells 55 55- 906201 D18020001(ABC) 104 to 106 140

150 Wells 55 55- 906201 D18020001(ABC) 104 to 106 147

151 Wells 55 55- 906201 D18020001(ABD) 104 to 106 143

152 Wells 35 55- 606590 D18020001AAA 104 to 106 138

153 Wells 55 55- 558877 D18020001ABA 104 to 106 540

154 Wells 55 55- 542381 D18020001ABC 104 to 106 540

155 Wells 55 55- 214791 D18020001ABC 104 to 106 539

156 Wells 55 55- 542260 D18020001ADA 104 to 106 631

157 Wells 55 55- 556575 D18020001ADA 104 to 106 70

158 Wells 35 55- 611425 D18020001BAB 104 to 106 640

159 Wells 55 55- 512182 D18020001BAD 104 to 106 585

160 Wells 55 55- 205876 D18020001BBA 104 to 106 670

161 Wells 55 55- 520286 D18020001BBB 104 to 106 615

162 Wells 55 55- 520285 D18020001BBC 104 to 106 535

163 Wells 55 55- 520248 D18020001BBC 104 to 106 530

164 Wells 55 55- 213248 D18020001CBD 104 to 106 529

165 Wells 55 55- 572047 D18020001CCA 104 to 106 520

166 Wells 55 55- 563861 D18020001DAD 104 to 106 369

167 Wells 35 D18020001DDD 104 to 106 600

168 Wells 55 55- 537790 D18020002AAC 104 to 106 665

169 Wells 55 55- 569101 D18020002ABD 104 to 106 543

170 Wells 55 55- 568461 D18020002ABD 104 to 106 600

171 Wells 55 55- 502962 D18021004CCC 104 to 106 220

172 Wells 55 55- 539559 D18021004CCC 104 to 106 285

173 Wells 35 D18021004CCC 104 to 106 275

174 Wells 35 55- 602193 D18021005AAB 104 to 106 320

175 Wells 35 D18021005ABA 104 to 106 300
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Number

GWSI Site ID Cadastral Location
Approximate 

River Mile

Well Depth 

(ft)

176 Wells 55 55- 532134 D18021005ABB 104 to 106 175

177 Wells 35 D18021005BA0 104 to 106 350

178 Wells 35 D18021005BA0 104 to 106 430

179 Wells 55 55- 547720 D18021005BAA 104 to 106 20

180 Wells 35 D18021005CAA 104 to 106 380

181 Wells 55 55- 538522 D18021005CAD 104 to 106 409

182 Wells 55 55- 503019 D18021005CAD 104 to 106 130

183 Wells 35 D18021005DDD 104 to 106 300

184 Wells 55 55- 532133 D18021005DDD 104 to 106 150

185 Wells 55 55- 594360 D18021006AAB 104 to 106 468

186 Wells 55 55- 206932 D18021006AAB 104 to 106 121

187 Wells 35 D18021006AAD 104 to 106 100

188 Wells 55 55- 596097 D18021006ABA 104 to 106 118

189 Wells 55 55- 576951 D18021006ABA 104 to 106 120

190 Wells 35 D18021006ACA 104 to 106 104

191 Wells 55 55- 200763 D18021006ADA 104 to 106 419

192 Wells 35 55- 631778 D18021006ADB 104 to 106 100

193 Wells 55 55- 085222 D18021006BAA 104 to 106 75

194 Wells 55 55- 524041 D18021006BAA 104 to 106 420

195 Wells 35 D18021006BB0 104 to 106 600

196 Wells 55 55- 537087 D18021006BBB 104 to 106 635

197 Wells 55 55- 577270 D18021006BCB 104 to 106 128

198 Wells 55 55- 544074 D18021006BCC 104 to 106 540

199 Wells 55 55- 528018 D18021006BCC 104 to 106 102

200 Wells 35 D18021006BCD 104 to 106 100

201 Wells 55 55- 530522 D18021006BCD 104 to 106 140

202 Wells 55 55- 530523 D18021006BCD 104 to 106 140

203 Wells 55 55- 594008 D18021006BDA 104 to 106 75

204 Wells 35 D18021006CAB 104 to 106 105

205 Wells 55 55- 530041 D18021006CBB 104 to 106 475

206 Wells 55 55- 528020 D18021006CCB 104 to 106 50

207 Wells 55 55- 530042 D18021006DBB 104 to 106 452

208 Wells 55 55- 204298 D18021006DBB 104 to 106 68

209 Wells 55 55- 530043 D18021006DBB 104 to 106 120

210 Wells 55 55- 528021 D18021006DBC 104 to 106 40
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River Mile

Well Depth 
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211 Wells 55 55- 594007 D18021006DBD 104 to 106 76

212 Wells 55 55- 528022 D18021006DBD 104 to 106 62

213 Wells 55 55- 528008 D18021007AAA 104 to 106 53

214 Wells 55 55- 528009 D18021007AAA 104 to 106 62

215 Wells 55 55- 579875 D18021007AAA 104 to 106 27

216 Wells 55 55- 562198 D18021007BBA 104 to 106 25

217 Wells 55 55- 208695 D18021007BBD 104 to 106 250

218 Wells 55 55- 527753 D18021007BBD 104 to 106 0

219 Wells 55 55- 527753 D18021007BDD 104 to 106 41

220 Wells 55 55- 527753 D18021007CAB 104 to 106 41

221 Wells 55 55- 527753 D18021007CDC 104 to 106 20

222 Wells 55 55- 503725 D18021008AA0 104 to 106 115

223 Wells 35 D18021008AA0 104 to 106 350

224 Wells 35 D18021008AAA 104 to 106 350

225 Wells 35 D18021008AAA 104 to 106 350

226 Wells 55 55- 503968 D18021008AAD 104 to 106 200

227 Wells 55 55- 514443 D18021008ACD 104 to 106 78

228 Wells 55 55- 580914 D18021008ACD 104 to 106 387

229 GWSI 55- 612032 315302110124901 D18021008ADD 104 to 106 108

230 Wells 55 55- 579877 D18021008BBC 104 to 106 130

231 Wells 55 55- 579874 D18021008BBC 104 to 106 160

232 Wells 55 55- 579872 D18021008BBC 104 to 106 130

233 Wells 55 55- 594006 D18021008BCB 104 to 106 78

234 Wells 55 55- 542261 D18021009BCC 104 to 106 355

235 GWSI 315414110153802 D-18-20 01BBA 104 to 106 565

236 GWSI 55- 625589 315347110125001 D-18-21 05DAA1 104 to 106 400

237 GWSI 55- 632942 315352110311701 D-18-21 05DBB 104 to 106 111

238 GWSI 55- 633154 315335110131501 D-18-21 05DCB 104 to 106 300

239 GWSI 315415110140701 D-18-21 06ABA3 104 to 106 104

240 GWSI 315402110135101 D-18-21 06ADA3 104 to 106 99

241 GWSI 55- 513537 315405110135001 D-18-21 06ADA5 104 to 106 240

242 GWSI 55- 649691 315355110144501 D-18-21 06BCC1 104 to 106 120

243 GWSI 55- 806011 315354110144601 D-18-21 06BCC2 104 to 106 100

244 GWSI 55- 544253 315352110144701 D-18-21 06BCC3 104 to 106 508

245 GWSI 55- 603200 315341110144701 D-18-21 06CBC1 104 to 106 440
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River Mile
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246 GWSI 55- 558422 315346110144501 D-18-21 06CBC2 104 to 106 466

247 GWSI 55- 631779 315249110143101 D-18-21 07CAC 104 to 106 715

248 GWSI 55- 650532 315308110131901 D-18-21 08BDA 104 to 106 382

249 GWSI 55- 513988 315326110123301 D-18-21 09BBA 104 to 106 300

250 GWSI 315322110124101 D-18-21 09BBB1 104 to 106 635

251 Wells 35 D18021021DC0 109.5 to 112 576

252 Wells 55 55- 570827 D18021021DCC 109.5 to 112 116

253 Wells 55 55- 523768 D18021022CCC 109.5 to 112 412

254 Wells 55 55- 501888 D18021028AAB 109.5 to 112 112

255 Wells 35 D18021028AAC 109.5 to 112 440

256 Wells 55 55- 505837 D18021028ABA 109.5 to 112 100

257 Wells 35 D18021028ABA 109.5 to 112 400

258 Wells 35 55- 610357 D18021028ABA 109.5 to 112 520

259 Wells 55 55- 501646 D18021028ABD 109.5 to 112 125

260 Wells 55 55- 503187 D18021028ABD 109.5 to 112 146

261 Wells 55 55- 500029 D18021028CBC 109.5 to 112 138

262 Wells 55 55- 557667 D18021028DBD 109.5 to 112 360

263 Wells 55 55- 208281 D18021028DCB 109.5 to 112 320

264 Wells 55 55- 583300 D18021029DBA 109.5 to 112 380

265 Wells 55 55- 203372 D18021029DBA 109.5 to 112 400

266 Wells 55 55- 550673 D18021033BCB 109.5 to 112 370

267 Wells 35 D18021033CAD 109.5 to 112 100

268 Wells 35 55- 623663 D18021033CB0 109.5 to 112 625

269 GWSI 315005110124301 D-18-21 28CCB 109.5 to 112 122

270 GWSI 315011110120401 D-18-21 28DBD3 109.5 to 112 105

271 GWSI 55- 609171 314959110121301 D-18-21 28DCC 109.5 to 112 100

272 GWSI 55- 506553 314952110124401 D-18-21 33BBB 109.5 to 112 90

273 Wells 55 55- 588938 D19021005AAB 109.5 to 112 16
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Appendix D-3  GWSI Water Level Measurements Table for 1968

# GWSI SITE ID
MEASURE 

DATE

WATER LEVEL 

ELEVATION (ft)
RIVER

APPROX. 

RIVER 

MILE

Point X (Ft)
Point Y 

(Ft)

1 325902110470701 3/6/1968 1904.25 San Pedro 0 1706038 11973519

2 325842110463801 3/7/1968 1907.07 San Pedro 0 1708512 11971504

3 325810110461601 3/6/1968 1937.8 San Pedro 1 1710052 11967971

4 325750110453001 3/7/1968 1948.35 San Pedro 2 1714314 11966263

5 325627110443301 3/8/1968 1977.38 San Pedro 4 1719446 11957485

6 325612110445501 3/7/1968 2001.68 San Pedro 4 1717319 11956369

7 325513110441001 3/7/1968 1997.4 San Pedro 6 1719785 11951798

8 325526110433801 3/8/1968 2004.39 San Pedro 6 1723797 11951717

9 325508110433201 3/8/1968 2010.9 San Pedro 6 1724407 11949920

10 325429110431401 3/8/1968 2041.61 San Pedro 7 1725951 11945984

11 325337110430701 3/8/1968 2042.74 San Pedro 8 1726562 11940732

12 325220110424501 3/28/1968 2087.67 San Pedro 10 1728458 11932958

13 325217110425501 3/8/1968 2102.84 San Pedro 10 1727607 11932653

14 325203110431501 3/8/1968 2102.14 San Pedro 10 1725905 11931234

15 325206110425001 3/28/1968 2082.56 San Pedro 10 1728036 11931542

16 325152110430401 3/28/1968 2101.2 San Pedro 10 1726846 11930125

17 324942110422601 3/14/1968 2160.24 San Pedro 13 1730123 11917000

18 324824110413801 3/14/1968 2205.49 San Pedro 16 1733855 11909312

19 324811110412401 3/14/1968 2215.69 San Pedro 16 1735438 11907821

20 324758110412301 3/14/1968 2219.7 San Pedro 16 1735527 11906508

21 324720110402901 3/14/1968 2229.5 San Pedro 18 1740147 11902683

22 324654110404401 3/14/1968 2237.51 San Pedro 18 1738875 11900052

23 324634110395201 3/14/1968 2241.8 San Pedro 19 1743319 11898045

24 324614110394001 3/14/1968 2274.2 San Pedro 20 1744350 11896028

25 324555110401401 3/14/1968 2270.19 San Pedro 20 1741454 11894099

26 324528110391101 3/14/1968 2278.3 San Pedro 21 1746917 11891379

27 324456110391801 3/1/1968 2306.5 San Pedro 22 1746253 11888154

28 324437110384901 3/6/1968 2297.91 San Pedro 22 1748736 11886243

29 324353110380201 3/21/1968 2326.78 San Pedro 23 1752764 11881811

30 324312110381601 3/20/1968 2346.87 San Pedro 24 1751583 11877665

31 324143110371601 3/21/1968 2380.63 San Pedro 26 1756740 11868692

32 324144110364401 3/21/1968 2395.53 San Pedro 27 1759458 11868348

33 324058110361201 3/21/1968 2411.1 San Pedro 28 1761192 11863767

34 324025110364301 3/20/1968 2419.67 San Pedro 28 1759588 11860822

35 323955110362601 3/20/1968 2445.05 San Pedro 29 1761052 11857796

36 323938110353301 3/21/1968 2440.82 San Pedro 30 1765588 11856096

37 323847110344501 3/21/1968 2468.99 San Pedro 30 1769710 11850960

38 323756110332901 3/21/1968 2496.68 San Pedro 33 1776228 11845833

39 323605110314801 3/21/1968 2557.12 San Pedro 36 1784912 11834657

40 323345110303401 4/9/1968 2619.62 San Pedro 40 1791306 11820542

41 323127110294101 4/9/1968 2680.21 San Pedro 44 1796164 11806623

42 323059110295501 4/9/1968 2681.1 San Pedro 44 1794722 11803787



Appendix D-3  GWSI Water Level Measurements Table for 1968

# GWSI SITE ID
MEASURE 

DATE

WATER LEVEL 

ELEVATION (ft)
RIVER

APPROX. 

RIVER 

MILE

Point X (Ft)
Point Y 

(Ft)

43 322718110283201 4/12/1968 2798.1 San Pedro 50 1801701 11780716

44 322534110285401 4/11/1968 2857.34 San Pedro 52 1800104 11770979

45 322435110275101 4/12/1968 2868.2 San Pedro 55 1805113 11764801

46 322415110280901 4/11/1968 2866.74 San Pedro 55 1803999 11763017

47 322331110275401 4/11/1968 2875.97 San Pedro 56 1805736 11758581

48 322318110272901 4/12/1968 2867.83 San Pedro 56 1807458 11756973

49 322253110270001 4/11/1968 2893.57 San Pedro 57 1810291 11754694

50 322247110261601 4/12/1968 2943.02 San Pedro 57 1812965 11754678

51 321945110243101 4/17/1968 3035.39 San Pedro 62 1822835 11735839

52 321944110241801 4/17/1968 3048.44 San Pedro 62 1823950 11735744

53 321858110231701 4/17/1968 3069.04 San Pedro 63 1829209 11731127

54 321852110232301 4/17/1968 3064.58 San Pedro 63 1828698 11730518

55 321754110233001 4/17/1968 3091.96 San Pedro 64 1828131 11724655

56 321728110221601 4/16/1968 3114.77 San Pedro 65 1833812 11721657

57 321715110215801 4/16/1968 3115.86 San Pedro 66 1835798 11720921

58 321702110230201 4/17/1968 3114.63 San Pedro 66 1830564 11719416

59 321656110215301 4/16/1968 3112.52 San Pedro 67 1836489 11718844

60 321558110203901 4/15/1968 3137.08 San Pedro 69 1843373 11713258

61 321559110210301 4/1/1968 3132.1 San Pedro 68 1840815 11713111

62 321517110201401 4/15/1968 3164.34 San Pedro 70 1845047 11708894

63 321419110195601 4/16/1968 3172.2 San Pedro 71 1846371 11703043

64 321354110191601 4/16/1968 3162.5 San Pedro 72 1850079 11700541

65 321346110193201 4/16/1968 3181.95 San Pedro 72 1848195 11699720

66 321328110190201 4/15/1968 3193.2 San Pedro 73 1851298 11697922

67 321328110193301 4/16/1968 3194.5 San Pedro 73 1848636 11697905

68 321254110191001 4/16/1968 3195.15 San Pedro 73 1850285 11695087

69 321211110190801 4/16/1968 3217.44 San Pedro 75 1850816 11689947

70 321155110191701 4/16/1968 3219.35 San Pedro 75 1850069 11688519

71 321149110185401 4/16/1968 3219.26 San Pedro 75 1852049 11687925

72 321017110171401 4/8/1968 3244.15 San Pedro 77 1860605 11678838

73 320902110184501 4/9/1968 3269.3 San Pedro 79 1857313 11671089

74 320728110172501 4/8/1968 3308.9 San Pedro 81 1859926 11661892

75 320639110184601 4/10/1968 3327.9 San Pedro 83 1853020 11656918

76 320600110190901 4/10/1968 3335.5 San Pedro 84 1850983 11652662

77 320524110200701 4/10/1968 3367.9 San Pedro 86 1846882 11648393

78 320509110201201 4/10/1968 3366.8 San Pedro 86 1845426 11647475

79 320502110200401 4/10/1968 3363.1 San Pedro 86 1846546 11647078

80 320357110201601 3/13/1968 3375.6 San Pedro 88 1844780 11640602

81 320329110202901 3/13/1968 3393.95 San Pedro 89 1844455 11637367

82 320311110191501 3/13/1968 3387.5 San Pedro 90 1850575 11635587

83 320237110185901 3/13/1968 3408.8 San Pedro 91 1851973 11632161

84 320036110181501 3/14/1968 3449.6 San Pedro 94 1855838 11619962



Appendix D-3  GWSI Water Level Measurements Table for 1968

# GWSI SITE ID
MEASURE 

DATE

WATER LEVEL 

ELEVATION (ft)
RIVER

APPROX. 

RIVER 

MILE

Point X (Ft)
Point Y 

(Ft)

85 320030110172001 3/18/1968 3463.7 San Pedro 95 1860579 11618983

86 320021110172601 3/1/1968 3463.2 San Pedro 95 1860065 11618474

87 320007110171101 3/20/1968 3454.65 San Pedro 95 1861624 11617171

88 320000110170901 3/18/1968 3461.15 San Pedro 95 1861543 11616363

89 315955110170901 3/20/1968 3441.3 San Pedro 95 1861546 11615858

90 315922110165601 3/21/1968 3466.15 San Pedro 97 1862732 11612309

91 315902110162301 3/20/1968 3490 San Pedro 97 1865654 11610581

92 315817110163901 3/22/1968 3492.6 San Pedro 98 1863835 11605751

93 315646110153801 4/4/1968 3522.4 San Pedro 100 1869029 11596684

94 315427110140601 4/1/1968 3580.4 San Pedro 104 1877619 11582903

95 315423110144401 4/1/1968 3570.35 San Pedro 103 1873976 11582605

96 315423110142101 4/1/1968 3585.5 San Pedro 104 1876244 11582419

97 315422110142901 4/1/1968 3575.5 San Pedro 104 1875555 11582313

98 315416110142101 4/1/1968 3585.15 San Pedro 104 1876075 11581913

99 315417110140001 4/1/1968 3593.25 San Pedro 104 1877799 11581874

100 315400110131301 4/2/1968 3607.95 San Pedro 105 1882120 11580137

102 315355110132101 4/2/1968 3605.05 San Pedro 105 1881694 11579487

103 315156110122601 4/3/1968 3648.9 San Pedro 107 1886433 11567844

104 315032110114901 4/3/1968 3668.05 San Pedro 110 1889526 11558684

105 315019110115001 4/3/1968 3677.3 San Pedro 110 1889532 11557946

106 315005110124301 4/1/1968 3673.3 San Pedro 110 1884935 11556731

107 314959110121301 4/3/1968 3678.5 San Pedro 110 1887591 11555659

108 314740110123801 3/27/1968 3725.2 San Pedro 114 1885293 11541833

109 313728110103101 3/15/1968 3945.8 San Pedro 130 1896744 11479903

110 312630110062401 3/13/1968 4139.32 San Pedro 147 1918702 11412838

111 312438110065401 3/12/1968 4183.7 San Pedro 150 1916222 11402413

112 312304110060701 3/12/1968 4217.8 San Pedro 152 1920787 11393107

113 312250110063901 3/7/1968 4212.3 San Pedro 152 1917968 11391276

114 312243110070101 3/7/1968 4212.9 San Pedro 152 1915710 11390783

115 312127110073901 3/12/1968 4234.1 San Pedro 154 1912477 11383080

116 325043110384001 3/18/1968 2268.93 Aravaipa 4 1749380 11923222

117 325035110415701 3/18/1968 2176.23 Aravaipa 1 1732581 11922361

118 325022110403101 3/19/1968 2205.46 Aravaipa 2 1739920 11921069

119 325022110421701 3/18/1968 2161.18 Aravaipa 0 1730879 11921043

120 324902110184901 4/23/1968 3462 Aravaipa 34 1852679 11912063

121 324413109135501 4/23/1968 3835.6 Aravaipa 42 1876129 11884541

122 314305110132301 3/21/1968 4000.2 Babocomari 2 1881730 11513967

123 313932110173801 3/1/1968 4125.1 Babocomari 9 1859850 11492302



Appendix D-3  GWSI Water Level Measurements Table for 1990

# GWSI SITE ID
MEASURE 

DATE

WATER LEVEL 

ELEVATION (ft)
RIVER

APPROX. 

RIVER 

MILE

Point X 

(Ft)
Point Y (Ft)

1 325823110463301 12/10/1990 1906.4 San Pedro 1 1708950 11969585

2 325513110441001 12/11/1990 1999.2 San Pedro 6 1719785 11951798

3 325526110433801 12/10/1990 2003.2 San Pedro 6 1723797 11951717

4 324824110413801 12/11/1990 2203.6 San Pedro 16 1733855 11909312

5 324437110384901 12/11/1990 2281.7 San Pedro 22 1748736 11886243

6 324058110361201 12/11/1990 2399.99 San Pedro 28 1761192 11863767

7 322247110261601 12/12/1990 2918.4 San Pedro 57 1812965 11754678

8 321017110171401 12/12/1990 3245.9 San Pedro 77 1860605 11678838

9 320902110184501 11/26/1990 3265.65 San Pedro 79 1857313 11671089

10 320844110172701 11/27/1990 3277.3 San Pedro 80 1859569 11669062

11 320728110172501 11/27/1990 3305.32 San Pedro 81 1859926 11661892

12 320701110173901 11/27/1990 3310.65 San Pedro 82 1858682 11658874

13 320654110175801 11/27/1990 3312.55 San Pedro 82 1857053 11658156

14 320644110180301 11/27/1990 3315.55 San Pedro 82 1856630 11657143

15 320639110184601 11/26/1990 3325.6 San Pedro 83 1853020 11656918

16 320627110182801 11/27/1990 3319.6 San Pedro 83 1854491 11655412

17 320527110191601 11/26/1990 3343.1 San Pedro 85 1850402 11649324

18 320524110200701 11/26/1990 3364.6 San Pedro 86 1846882 11648393

19 320515110192801 11/26/1990 3350.8 San Pedro 86 1849378 11648106

20 320509110201201 11/26/1990 3363.1 San Pedro 86 1845426 11647475

21 320502110200401 11/26/1990 3358.7 San Pedro 86 1846546 11647078

22 320429110195201 11/26/1990 3367.5 San Pedro 87 1847002 11642838

23 320411110200801 11/27/1990 3360.85 San Pedro 88 1845975 11642023

24 320357110201601 11/26/1990 3376.6 San Pedro 88 1844780 11640602

25 320348110194001 11/27/1990 3386.35 San Pedro 88 1848656 11639818

26 320341110210901 11/28/1990 3402.39 San Pedro 88 1840747 11638759

27 320336110204001 11/26/1990 3388.3 San Pedro 88 1843418 11638068

28 320337110211301 11/28/1990 3401.5 San Pedro 88 1840405 11638454

29 320338110211201 11/28/1990 3400.59 San Pedro 88 1840492 11638253

30 320332110210101 11/28/1990 3395.5 San Pedro 88 1841528 11637754

31 320331110203801 11/26/1990 3387.5 San Pedro 88 1843422 11637563

32 320329110202901 11/26/1990 3384.4 San Pedro 89 1844455 11637367

33 320320110191201 11/27/1990 3390.55 San Pedro 90 1850740 11636699

34 320316110200001 11/28/1990 3381.4 San Pedro 89 1846696 11636674

35 320321110194801 11/27/1990 3379.15 San Pedro 89 1847729 11636579

36 320318110190701 11/27/1990 3390 San Pedro 90 1850829 11636296

37 320312110190801 11/27/1990 3391.25 San Pedro 90 1851176 11635692

38 320243110184801 11/27/1990 3401.65 San Pedro 90 1852916 11632773

39 320125110183801 11/28/1990 3405.03 San Pedro 92 1853826 11624899

40 320025110182001 11/28/1990 3448.8 San Pedro 94 1855755 11619457

41 320027110175601 11/29/1990 3455.8 San Pedro 94 1857479 11619064

42 320030110172001 11/30/1990 3464.25 San Pedro 95 1860579 11618983



Appendix D-3  GWSI Water Level Measurements Table for 1990

# GWSI SITE ID
MEASURE 

DATE

WATER LEVEL 

ELEVATION (ft)
RIVER

APPROX. 

RIVER 

MILE

Point X 

(Ft)
Point Y (Ft)

43 320026110175501 11/29/1990 3456.4 San Pedro 94 1857566 11618963

44 320011110173901 11/29/1990 3457.75 San Pedro 95 1858954 11617356

45 320010110173901 11/29/1990 3458.65 San Pedro 90 1858868 11617355

46 320007110171101 11/30/1990 3450 San Pedro 95 1861624 11617171

47 320005110170901 11/29/1990 3460.6 San Pedro 95 1861023 11616864

48 320003110174001 11/29/1990 3463.25 San Pedro 95 1859044 11616649

49 315922110165601 11/29/1990 3476.18 San Pedro 96 1862732 11612309

50 315918110165501 11/29/1990 3479.1 San Pedro 96 1862732 11612269

51 315905110164701 11/29/1990 3481.87 San Pedro 97 1863430 11611001

52 315902110162301 11/29/1990 3479.8 San Pedro 97 1865654 11610581

54 315816110162501 11/29/1990 3496.6 San Pedro 98 1865307 11605750

55 315752110162401 11/28/1990 3501.9 San Pedro 99 1865676 11603359

56 315733110161801 11/28/1990 3509.3 San Pedro 99 1865932 11601178

57 315646110153801 11/27/1990 3521.82 San Pedro 100 1869029 11596684

58 315639110160201 11/27/1990 3512.98 San Pedro 100 1867275 11596096

59 315505110145101 11/28/1990 3566.9 San Pedro 103 1873629 11586644

60 315453110140501 11/27/1990 3607.4 San Pedro 103 1877601 11585459

61 315428110134801 11/28/1990 3617.3 San Pedro 104 1879084 11582934

62 315427110140601 11/28/1990 3583.9 San Pedro 104 1877619 11582903

63 315425110132901 11/27/1990 3619.9 San Pedro 104 1880740 11582784

64 315423110144401 11/28/1990 3569.9 San Pedro 103 1873976 11582605

65 315423110140601 11/28/1990 3587.3 San Pedro 104 1877622 11582539

66 315419110142301 11/28/1990 3588.1 San Pedro 104 1876074 11582014

67 315418110140001 11/28/1990 3589.9 San Pedro 104 1878057 11581926

68 315416110142101 11/28/1990 3587.2 San Pedro 104 1876075 11581913

69 315417110140001 11/28/1990 3596.2 San Pedro 104 1877799 11581874

70 315406110135001 11/27/1990 3594.6 San Pedro 104 1878927 11580721

71 315355110144501 11/27/1990 3575.4 San Pedro 104 1874195 11579576

72 315355110132101 11/27/1990 3606.2 San Pedro 105 1881694 11579487

73 315352110311701 11/28/1990 3605.5 San Pedro 105 1881799 11579306

74 315354110144601 11/27/1990 3583.8 San Pedro 104 1874206 11579303

75 315333110130501 11/26/1990 3624 San Pedro 105 1882829 11577415

76 315302110124901 11/26/1990 3620.7 San Pedro 106 1884231 11574293

77 315257110123701 11/26/1990 3618.1 San Pedro 106 1885269 11573796

78 315243110132101 11/26/1990 3615.1 San Pedro 106 1881486 11572354

79 315200110130201 11/26/1990 3607.1 San Pedro 107 1883155 11568022

80 315110110134301 11/28/1990 3685 San Pedro 109 1880084 11563454

81 315111110121001 11/27/1990 3665.9 San Pedro 109 1887674 11563105

82 315155110124101 11/26/1990 3627.8 San Pedro 109 1885273 11562532

83 315050110120201 11/27/1990 3660.8 San Pedro 109 1888190 11560927

84 315032110114901 11/27/1990 3661.2 San Pedro 110 1889526 11558684

85 315005110122001 11/27/1990 3664.8 San Pedro 110 1886857 11556937



Appendix D-3  GWSI Water Level Measurements Table for 1990

# GWSI SITE ID
MEASURE 

DATE

WATER LEVEL 

ELEVATION (ft)
RIVER

APPROX. 

RIVER 

MILE

Point X 

(Ft)
Point Y (Ft)

86 314959110121301 11/27/1990 3662.5 San Pedro 110 1887591 11555659

87 314324110111601 11/28/1990 3822.5 San Pedro 121 1892682 11515966

88 314143110104301 11/28/1990 3865.4 San Pedro 123 1895608 11505785

89 313728110103101 11/29/1990 3947.2 San Pedro 130 1896744 11479903

90 313600110090801 11/29/1990 3979.8 San Pedro 133 1904003 11471331

91 313552110090301 11/29/1990 3976 San Pedro 133 1904910 11470338

92 313252110082901 11/29/1990 4047.51 San Pedro 137 1907603 11452116

93 312630110062401 12/4/1990 4140.07 San Pedro 147 1918702 11412838

94 312620110055501 12/5/1990 4145.4 San Pedro 147 1921398 11412537

95 312340110061901 12/4/1990 4202.5 San Pedro 151 1917543 11396586

96 312330110053601 12/5/1990 4208.36 San Pedro 151 1923149 11395672

97 312329110053101 12/5/1990 4206.24 San Pedro 151 1923557 11395564

98 312250110055901 12/4/1990 4219.7 San Pedro 152 1921104 11391412

99 312250110063901 12/4/1990 4210.05 San Pedro 152 1917968 11391276

100 312205110070901 12/3/1990 4218.61 San Pedro 153 1915046 11387040

101 325247110214801 12/5/1990 3375.8 Aravaipa 29 1835615 11936154

102 325131110211601 12/4/1990 3347.82 Aravaipa 30 1838365 11928567

103 325119110205301 12/4/1990 3359.46 Aravaipa 30 1840283 11927096

104 325130110205801 12/4/1990 3344.58 Aravaipa 30 1839987 11926862

105 324958110201901 12/3/1990 3393.74 Aravaipa 32 1843277 11919108

106 324902110184901 12/5/1990 3463.7 Aravaipa 34 1852679 11912063

107 324831110182401 12/5/1990 3509.7 Aravaipa 34 1853006 11910297

108 324749110172701 12/6/1990 3573.5 Aravaipa 36 1858068 11906188

109 324745110165301 12/6/1990 3813.14 Aravaipa 36 1860972 11905804

110 324738110170901 12/6/1990 3619.58 Aravaipa 37 1859359 11904581

111 324732110171001 12/6/1990 3615.08 Aravaipa 37 1859530 11904481

112 324707110162301 12/6/1990 3637.8 Aravaipa 37 1863559 11901982

113 324619110154001 12/6/1990 3654.32 Aravaipa 39 1867263 11897158

114 324616110145401 12/6/1990 3685.75 Aravaipa 39 1871191 11896883

115 324450110140301 12/5/1990 3780.98 Aravaipa 42 1875691 11888428

116 324413109135501 12/6/1990 3828.04 Aravaipa 42 1876129 11884541

117 324403110132801 12/5/1990 3837.5 Aravaipa 43 1878631 11883499

118 324343110131501 12/4/1990 3861.6 Aravaipa 43 1879499 11881485

119 324234110121901 12/4/1990 3972 Aravaipa 45 1884590 11874551

120 324106110112101 12/3/1990 3991.7 Aravaipa 48 1889783 11865699

121 323859110102401 12/3/1990 4058.9 Aravaipa 51 1894582 11852905

122 323845110095401 12/3/1990 4085.8 Aravaipa 52 1897496 11851917

123 323801110092001 12/3/1990 4174.6 Aravaipa 53 1900099 11847088

153 315817110163901 11/28/1990 3491.5 San Pedro 98 1863835 11605751



Appendix D-3  GWSI Water Level Measurements Table for 2006

# GWSI SITE ID
MEASURE 

DATE

WATER LEVEL 

ELEVATION (ft)
RIVER

APPROX. 

RIVER 

MILE

Point X (Ft) Point Y (Ft)

1 325823110463301 11/15/2006 1904.73 San Pedro 1 1708950 11969585

2 325810110461601 12/19/2006 1933.13 San Pedro 1 1710052 11967971

3 325754110451801 11/16/2006 1937 San Pedro 2 1715335 11966669

4 325706110453701 11/15/2006 1965.97 San Pedro 3 1713728 11961816

5 325654110445901 11/13/2006 1961 San Pedro 3 1716883 11960621

6 325513110441001 11/14/2006 1998.4 San Pedro 6 1719785 11951798

7 325526110433801 11/15/2006 2003.9 San Pedro 6 1723797 11951717

8 325528110441801 11/14/2006 2008.7 San Pedro 6 1720773 11951639

9 325425110430401 11/14/2006 2050.3 San Pedro 7 1726710 11945926

10 325319110434101 11/14/2006 2062.5 San Pedro 8 1723686 11938876

11 325240110424301 11/14/2006 2080.6 San Pedro 9 1728418 11935110

12 324842110412101 11/15/2006 2196.5 San Pedro 16 1735702 11910903

13 324824110413801 11/15/2006 2202.8 San Pedro 16 1733855 11909312

14 324528110391101 11/16/2006 2265.3 San Pedro 21 1746917 11891379

15 324420110381501 11/7/2006 2305.1 San Pedro 23 1751611 11884585

16 324411110380801 11/7/2006 2235.97 San Pedro 23 1752298 11883416

17 324406110380801 11/7/2006 2317.7 San Pedro 23 1752213 11883143

18 324400110383901 11/8/2006 2316.4 San Pedro 23 1749296 11882153

19 324352110383701 11/8/2006 2325.5 San Pedro 23 1749683 11881437

20 324347110384201 11/9/2006 2309.3 San Pedro 23 1749333 11881284

21 324242110381601 11/9/2006 2349.1 San Pedro 25 1751679 11874544

22 324104110362301 11/17/2006 2414.9 San Pedro 27 1761478 11864950

23 324058110361201 11/17/2006 2409.69 San Pedro 28 1761192 11863767

24 324051110362001 11/17/2006 2408.8 San Pedro 28 1761372 11863637

25 323605110314801 11/7/2006 2556.3 San Pedro 36 1784912 11834657

26 323436110311801 11/14/2006 2595.2 San Pedro 38 1787519 11825677

27 323415110305301 11/14/2006 2606 San Pedro 39 1789154 11823462

28 323127110294101 11/10/2006 2674.8 San Pedro 44 1796164 11806623

29 323010110290801 11/13/2006 2734.1 San Pedro 46 1798769 11798856

30 322849110290501 11/9/2006 2753.8 San Pedro 48 1799066 11790674

31 322804110283001 11/9/2006 2778.9 San Pedro 49 1801743 11786141

32 322718110283201 11/8/2006 2792.6 San Pedro 50 1801701 11780716

33 322534110290801 11/8/2006 2838.2 San Pedro 53 1799065 11771318

34 322535110290901 11/8/2006 2841.5 San Pedro 53 1799033 11770863

35 322435110275101 11/8/2006 2853.6 San Pedro 54 1805113 11764801

36 322403110282301 11/7/2006 2841.9 San Pedro 54 1802797 11763617

37 322331110275401 11/8/2006 2863.6 San Pedro 55 1805736 11758581

38 322324110274401 11/8/2006 2863.1 San Pedro 56 1805918 11758117

39 322247110261601 11/7/2006 2931.5 San Pedro 57 1812965 11754678

40 321911110232901 11/7/2006 3063.3 San Pedro 63 1828155 11732454

41 321558110203901 11/8/2006 3134.7 San Pedro 69 1843373 11713258

42 321516110195001 11/8/2006 3152.6 San Pedro 70 1847039 11708715



Appendix D-3  GWSI Water Level Measurements Table for 2006

# GWSI SITE ID
MEASURE 

DATE

WATER LEVEL 

ELEVATION (ft)
RIVER

APPROX. 

RIVER 

MILE

Point X (Ft) Point Y (Ft)

43 321435110194801 11/15/2006 3177.24 San Pedro 71 1846895 11704227

44 321359110191001 11/13/2006 3177.9 San Pedro 72 1850497 11701230

45 321211110190801 11/15/2006 3214.34 San Pedro 74 1850816 11689947

46 321106110175501 11/9/2006 3235 San Pedro 76 1857129 11683523

47 321017110171401 11/10/2006 3243.5 San Pedro 78 1860605 11678838

48 320844110172701 11/13/2006 3277.5 San Pedro 80 1859569 11669062

49 320728110172501 12/10/2006 3303.43 San Pedro 81 1859926 11661892

50 320701110173901 12/14/2006 3309.5 San Pedro 82 1858682 11658874

51 320639110184601 12/12/2006 3323.17 San Pedro 83 1853020 11656918

52 320627110182801 12/14/2006 3313.16 San Pedro 83 1854491 11655412

53 320527110191601 12/12/2006 3348.2 San Pedro 85 1850402 11649324

54 320515110192801 12/12/2006 3349.93 San Pedro 85 1849378 11648106

55 320509110201201 12/12/2006 3369.2 San Pedro 86 1845426 11647475

56 320502110200401 12/12/2006 3363.5 San Pedro 86 1846546 11647078

57 320429110195201 12/12/2006 3366.2 San Pedro 87 1847002 11642838

58 320411110200801 12/13/2006 3358.22 San Pedro 88 1845975 11642023

59 320348110194001 12/13/2006 3386.8 San Pedro 88 1848656 11639818

60 320341110210901 12/12/2006 3394.7 San Pedro 88 1840747 11638759

61 320337110211301 12/12/2006 3393.8 San Pedro 88 1840405 11638454

62 320338110211201 12/12/2006 3393.2 San Pedro 88 1840492 11638253

63 320332110210101 12/12/2006 3389.12 San Pedro 88 1841528 11637754

64 320331110203801 12/12/2006 3387.2 San Pedro 88 1843422 11637563

65 320329110202901 12/12/2006 3383.3 San Pedro 89 1844455 11637367

66 320320110191201 12/13/2006 3391.54 San Pedro 90 1850740 11636699

67 320321110194801 12/13/2006 3381.47 San Pedro 89 1847729 11636579

68 320318110190701 12/13/2006 3398 San Pedro 90 1850829 11636296

69 320312110190801 12/13/2006 3399.5 San Pedro 90 1851176 11635692

70 320243110184801 12/13/2006 3408.6 San Pedro 90 1852916 11632773

71 320027110175601 12/14/2006 3454.67 San Pedro 94 1857479 11619064

72 320026110175501 12/14/2006 3456.32 San Pedro 94 1857566 11618963

73 320008110174101 12/14/2006 3459.39 San Pedro 95 1858953 11617457

74 320011110173901 12/14/2006 3456.03 San Pedro 95 1858954 11617356

75 320010110173901 12/14/2006 3457.47 San Pedro 95 1858868 11617355

76 320007110171101 12/14/2006 3450.58 San Pedro 95 1861624 11617171

77 320005110170901 12/14/2006 3449.3 San Pedro 95 1861023 11616864

78 320003110174001 12/14/2006 3459.57 San Pedro 95 1859044 11616649

79 315922110165601 12/7/2006 3476.3 San Pedro 96 1862732 11612309

80 315918110165501 12/7/2006 3482.1 San Pedro 96 1862732 11612269

81 315905110164701 12/5/2006 3480.67 San Pedro 97 1863430 11611001

82 315902110162301 12/5/2006 3491.58 San Pedro 97 1865654 11610581

83 315816110162501 12/5/2006 3498 San Pedro 98 1865307 11605750

84 315733110161801 12/7/2006 3511 San Pedro 99 1865932 11601178



Appendix D-3  GWSI Water Level Measurements Table for 2006

# GWSI SITE ID
MEASURE 

DATE

WATER LEVEL 

ELEVATION (ft)
RIVER

APPROX. 

RIVER 

MILE

Point X (Ft) Point Y (Ft)

85 315646110153801 12/8/2006 3520.11 San Pedro 100 1869029 11596684

86 315428110134801 12/5/2006 3601.4 San Pedro 104 1879084 11582934

87 315427110140601 12/5/2006 3580.5 San Pedro 104 1877619 11582903

88 315425110132901 11/27/2006 3603.2 San Pedro 104 1880740 11582784

89 315423110144401 12/5/2006 3569.3 San Pedro 103 1873976 11582605

90 315423110140601 12/5/2006 3583.8 San Pedro 104 1877622 11582539

91 315417110140001 12/11/2006 3589.3 San Pedro 104 1877799 11581874

92 315355110132101 11/27/2006 3599.5 San Pedro 105 1881694 11579487

93 315354110144601 12/7/2006 3579.1 San Pedro 104 1874206 11579303

94 315257110123701 12/6/2006 3614.2 San Pedro 106 1885269 11573796

95 315110110134301 12/12/2006 3685 San Pedro 109 1880084 11563454

96 315111110121001 12/15/2006 3667.8 San Pedro 109 1887674 11563105

97 315050110120201 12/13/2006 3660.6 San Pedro 109 1888190 11560927

98 315032110114901 12/14/2006 3663.6 San Pedro 110 1889526 11558684

99 315019110115001 12/14/2006 3666 San Pedro 110 1889532 11557946

100 314959110121301 12/14/2006 3667.5 San Pedro 111 1887591 11555659

101 314952110124401 12/14/2006 3657.9 San Pedro 111 1884774 11555194

102 314740110123801 12/11/2006 3718.8 San Pedro 114 1885293 11541833

103 313728110103101 12/1/2006 3947.3 San Pedro 130 1896744 11479903

104 313600110090801 12/1/2006 3979.9 San Pedro 133 1904003 11471331

105 313552110090301 12/7/2006 3990.9 San Pedro 133 1904910 11470338

106 313549110090301 12/1/2006 3996 San Pedro 133 1904478 11470173

107 313312110082302 11/29/2006 4035.33 San Pedro 136 1908102 11454696

108 313312110082301 11/29/2006 4033.83 San Pedro 136 1908102 11454685

109 313312110082303 11/29/2006 4039.76 San Pedro 136 1908076 11454685

110 313312110082502 11/29/2006 4034.82 San Pedro 136 1907877 11454684

111 312630110062401 11/27/2006 4142.1 San Pedro 147 1918702 11412838

112 312620110055501 11/28/2006 4144.7 San Pedro 147 1921398 11412537

113 312340110061901 11/28/2006 4203 San Pedro 151 1917543 11396586

114 312330110053601 11/30/2006 4210.3 San Pedro 151 1923149 11395672

115 312304110060701 11/30/2006 4216.5 San Pedro 152 1920787 11393107

116 312250110055901 11/29/2006 4221.4 San Pedro 152 1921104 11391412

117 312250110063901 11/29/2006 4210.5 San Pedro 152 1917968 11391276

118 312222110071601 11/30/2006 4217.2 San Pedro 153 1914426 11388651

119 312205110070901 11/30/2006 4219.4 San Pedro 153 1915046 11387040

120 325033110414901 11/15/2006 2174 Aravaipa 1 1733289 11922252

121 313849110190901 11/29/2006 4146.3 Babocomari 11 1851997 11487949
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